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SOTMtf OF WHBSXfiU
the Walden Inversion i s  the only phenomenon connected 
w ith  o p tica lly  aetlve compounds fo r  which impossible 
explanation i i  not fortheoEjlng on the th eo rie s  o f tasteur*
van11’t o f f  and to  Bel*
Since sign of rotatory power. and configuration do not 
go hand in  hand* there a rt two aspects of th is problem* . 
Before i t  Is known whether a Walden inversion has occurred 
i t  is  necessary to deeide whether the product and the parent 
compound lime the opposite configuration* and there is  also 
the detection of the causes which Bring about the inversion* 
from a consideration'of the reactions of the p*toluene* 
sulphlnle and p^toiuanesnXphenle os tors of 1(—)*j3»oct&nol
«z«A' I t  is-shown in. the present
work th a t each of them  Xaeveretabory. alcohols hm  the' same 
configuration m  its 'im tvo ro ta to ry  tmiido*- ' t e th e r *  tfees* 
.esters are shown to undergo d efin ite  inversion reactions 
which probably hat# a r r t a i iv t ly  slxqple mechanism* 4 study 
of the decomposition o f the of these two
alcohols has revealed that* w hilst in  the absence of te r t ia ry  
tests Xaevorotatory chloride# ere produced# in the pmmmm 
of these bases | dextrorotatory chloridca arise# ■
In  o tte r  word#* the decompositions are not attended by 
inversion unless a  te r t ia ry  bate i s  present* Tkmm ' 
observations ere important# p a rticu la rly  as th is  i s  the 
f i r s t  time th a t a taevoroiaiery chloride has teen obtained 
from I t—)*/3*0ctaj«>i# In order to  demonstrate the unique
character of th is  decodes! fcieii# a study has teen mad# of 
the hdogcm ttoa  of i^ J ^ ^ o e ta n d i  with thlcnyX chloride 
and the chlorides and oxychlorlde of phosphorus# both in  the 
presence ■ and in  the ateonoo o f te r t ia ry  basts and other 
substances* From a consideration of the experimental re su lts  
I t  i s  possible to- conclude th a t substitu tion  reactions in  
■organic chemistry can be c la ss ifie d  in to  two main types* 
type X which occurs with inversion# end during which the 
organic rad ic a l passes momentarily through the Icationie 
s ta te )  and type XX which occur# without inversion and in
which th e  organic r a d ic a l  passes . through the a n io n ic . s ta te*  
■'■' I t  la  shown th a t  the  general conclusions reached are  
la rg e ly  in  agreement w ith  those o f  o th er -workers employing., 
d i f f e re n t  methods*
fii© work described  in  th is  fh e s is  was 
'c a rr ie d  out* as a  p a r t  time re se a r  oh* in  the 
la b o ra to r ie s  o f ■ the  B a tte rsea  Polytechnic 
during the  years 1988*1953 under' the  super* 
Vision o f Br, d* Kenyon* whoa*
and to  Br* B. P h illip s*  F^*0*| the  author ' ‘ 
wishes to 'e x p re ss  h is  thanks and appreciation, 
fo r  th e i r  help  and advice* ' ■
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Pasteur* In  h is  le c tu re s  on th e  m olecular asymmetry
of n a tu ra l organic compounds (I860)* p i t  forward the
hypothesis th a t  th e i r  ro ta to ry  power was to  he asc rib ed  .. .
to  the asymmetrical arrangement of th e  atoms in  th e  molecule*
Because i t  was suggested befo re  th e  development of lie k u l^ s
theory  of molecular, s tru c tu re  and 'Franklsnd*s theo ry  of
valency* th is  hypothesis could not he i l lu s t r a te d  and
explained by s t ru c tu ra l  formulae... With the reco g n itio n
of th e  'quadrlv&leney of carbon by hekuld and G ouper came the
view th a t  the four valencies were actual*, and rep resen ted  th e
four fo rces of a t t r a c t io n  by which other atoms or ra d ic a ls  .
could become u n ite d  to  the carbon atom* later.*  i t  became
apparent th a t th ese  fo rces do not a l l  ac t In  one plane* fo r
i f  they  did* compounds of' the  type ^bould e x is t  In
two isom eric forms* whereas experiment has f a i le d  to  discover
these  two isomers*
■■ M ' %
I I
!! *C*X 11-0*1!I 1X X
fhe theo ry  of van*t Hoff and he Bel {1874) assumes a 
d e f in i te  s p a t ia l  d is t r ib u t io n  of th e  four atoms or ra d ic a ls  
around the carbon atom| . the  four valenc ies of the  carbon
atom are d iroo ted  in  such a way In  space th a t  they-stake equal 
angles w ith  one an o th er, and I n ' consequence the atoms or 
ra d ic a ls  a ttached  to  these v a len c ies  occupy the fou r corners 
o f a  re g u la r  te trahed ron  whose cen tre  i s  occupied- by the •., 
earhon atom i t s e l f #
M Methane according
(a) Ke&ul*
{b}. vanH  Hoff
fhe term 1 asymmetric carbon atom1. was app lied  fey van11 
Hoff and he Bel to  a carbon, atom, whose fo u r v a lenc ies  were 
s a t i s f ie d  by four d i f f e r e n t  monovalent atoms o r r a d ic a l s ,  - 
o*g# According to  th is  d e f in i t io n ,  the system
surrounding an a sy m o tr ie  carbon atom has n o ' plane of 
symmetry and g ives r i s e  to  m olecular asyiasetry and consequently 
to  ro ta to ry  power according, to  the hypothesis of fa s  to u r# .
When the four so lid  angles o f a re g u la r  te trah ed ro n  are  . 
occupied by fou r d i f f e r e n t  atoms o r r a d ic a ls ,  the  r e s u l t in g  
con fig u ra tio n  i s  capable o f e x is tin g  £n two isom eric form s, 
which are  noa*8uperpod&ble and are  m irror images o f each other#
I f  Its h@ assumed th a t  - m o p a r tic u la r  arrangement ■$?': 
atoms er ; ra d ic a ls  around the . carbon atom, e*g* -ftbde in  ft, ;■. 
clockwise d ire c tio n  g i r t s  r i s e  to  the r l^ t -h a n d e d  or 
•dex tro ro ta to ry  'isom er, then  th e  - le ft-h an d ed  or la e v o re ta to ry  
lo w e r  can be rep resen ted  by  th e  err® ailm ent abd* in  an a n ti*
' clockwise direction*
ffcateur* wa»ft  Hoff and he Bol'.'.atand m  th e  .founders 
of modern stereochem ical sciences . th e i r . th e o rie s  have 
explained th e  d iscoverlea. of -, th e  succeeding f i f t y  years of. 
re search  in  a s tr ik in g  maimer* In  .p a r tic u la r ,  M r  Wm  
Bragg has eh own by 3t*rfty an a ly s is  th a t  th e  carbon atoms in  
a diamond c ry s ta l  a re  arranged ietrShs& rally*  , -
' ■. £he hypothesis of frntm zr* h m m m *  I s  of m ore/tm iyersal 
a p p lic a tio n  than  the l a t e r  view o f w n ft  H off'and l a  Bel* 
According to  Baatemr, Whenever the-m olecu lar co n fig u ra tio n  
of a :compound la-such  th a t  i t  i s  d if fe re n t from i t s  m irro r ■
, im age,. isomerism is  p o s tIb le , In  Which the  two isomers a r t  
■ r e la te d  to  one another as th e  r ig h t  hsnd . is  to  the& ft* .
T m  pas sago of tim e hat .demonstrated, the  im dequaoy of 
: th e  theory, o f . the a tym aetris  carbon atom by- showing th a t 
the,: presence o f each an atom t e  a molecule is  not always 
. necessary  before a compound can exist', in  emnttem<^phoasly 
re la te d  forms# • th e se  eases inolu.de the co b a lt and chromium 
compounds of Werner, (trie thylenedlftm ine co b a ltio  ch lo rid e
[Od {©») J  Clg' find peteaalttm  chrome om l& tt jor {^0^4 )5 ]  ^3 #
the mold #f M ills (M ills mud Gotta*-
d#* W$8* '3S U  3X21)* the
ncid-of- fops* fm itin ^M ,m % lm l\g U i  1900# gS* 1789)*. sM  .
- o t h e r  d ip h e n y l. ©osspettada ■ 
of .Kem er*..Ur* 192S, Xgl, i l i f  WSSj-.JSS', 7791 1908,'-2340), 
fore of .th ese  ©©mpouada' eentftina on ftay m etrie  carbon 
atom and yet ,they have a i l  been a a e r a t e d  in to  o p t ic a l ly  •. 
a c tiv e  emntiomorphs* • : .'Shea© .emntiomosppsid m vlm  fey reaso n  
of th e  f a c t  th a t..th e  mMmu lan  co n fig u ra tio n  of 'th e se ..:’
. la  much that mirror itmge Isomerism is possible#- 
':■■■■■ 37ms* the Isomerism dix© to  anaeymmetrio car boa atom : 
ia ■» particular east of the more general jitm m sm n  covered 
by the hypothesis of faiteur* ■.-,
I- ^ecopfcii-sg th e  ©onciusion© of van^t l o f f ,  s u b s t i tu t io n  
i t .o m  t f  the corner a of a t f t r a b e d r o a  an ■ • ■ ■ . ■ .
aaym etri©  -carbon atom, ahoald '.lead t o  -one of two results# . 
E ither , I a) th e  atom or ra d ic a l  eouM be removed, w ithout -, 
a lt© rin g .th e  d ire c tio n  of th e  mmn%  valency-and r e la t iv e  
position© of;-the e ther th re e  atoms 'o r r a d ic a ls ,  -when the  • 
en te rin g  atom or ra d ic a l  In  u t i l i s i n g  the  vacant valency ' 
would g ive r i s e  t o  a compound- pea a easing the  earn co n fig u ra tio n  
m  th e  paren t compound* or., (b) one a t  sumo th a t  th e :
en te rin g  group* in s tead  of tak in g  fie  p lace  of the d isp laced  
group.would take up any o ther p o s it io n , w ithout p re fe ren ce ,
whm -the ' product would b a :yaeeii&® and consist- of equal ;: -■ 
parts. of the  two enanfeiraofi^orad format - 
■ ■; fkm$ th e 'th e o ry  ,.did  not a n tic ip a te *  and ■ provides- no -
Simple iscplam bion fo r  a re w rita b le  d iscovery  M  Walden ■
I n -1306#. ;
■ Walden Shewed-that' substitution ''of ens of the groups 
ettaehed to an asymmetric carbon atom did not abwaya follow 
tb s  anas expected course* ■ For 'example* fed found th a t  
laeverotatery ms Ho acid was convertad by - phosphorus ■ ■ 
pent&ehiorlde into duxtronotat^y-nliionitioainio- acid,which 
whan, hydrolysed by silver oxide -gave dextrorotatory italic 
aold*"
■ II-0-O1 , ■-. ■■?C1* ■ :■-. C1»C~H" AggO EC^Mi ■; ■j   J   J
GH«*00Q8 . : C B 0 * C O O H ■■ Olg*0OOIi
la e td re ta to ry  d ex tro ro ta to ry  d ex tro ro ta to ry
' the formation of >  dextrorotatory mslle mold from a 
iaewerofcai-cry mmXie. acid as a resu lt of two reactions- eduM 
only mean that at one or other of the two-stages'Some 
profound change had occurred in  the molecule which could not 
bo foreseen m  a direct 'consequence of the theories of wa»*b 
Hoff and -• th is  type of substitution resulting in
the ‘formation of - a compound- of. one oonflgnration from it#  
former mirror image without passing through the raomio or-
0#
inactive foria iM subsequent resolution m m  to  be known at 
a Walden XmerBlm reaction# & term proposed by Fieeher#
{Bet*## %9®6* 8g»ft094)» who described the discovery as *tho • 
teoat, ■ supritirsg ebsenvation in  the fie ld  of optically active 
substances aim# the fnndaasantfti invoatigatlona of Faeteur*.11-
/  Since tSrn of rotatory. power tM  configuration do not 
go hand in  band, there are two aspects of the Walden
problem#. I t  i i  necessary decide whether the 
product and the. parent eotipmmd have the opposite configuration# 
before i t  is. known whether a Walden tew stien  has- occurred# 
and there ia also the detection of the eauaea..which bring 
shout the inversion*:'
.From A. consideration of th e  reactions of the p*4 oliiene<*
#-
;aulpMhle end p^tolttaneaulphonlo eaters of it« }^ -o o ta n o l. 
t e l  i t  i t  shown in  the present work
that these iaeirorotatory.'aledhole have the same eon flp tratloh  
«a th e ir  iaevorotatorx halides#''; Further# th ese esters ere 
shotm to  undergo d e fin ite  inversion reactions whleh probably 
have a r e la t iv e ly  simple r*c?o>»cniSHi#. .
\-tfhe t lm  t ie  e l' examples of the Walden inversion  involve  
e---
:'Ia the ’ehsenoe of wny''exp€irtocntel--evidence' to the 
■ -contrary i t  i t  assumed for the purposes of th is thesis 
that («*)^~oetah©i and (^^phanylmetliyloarhinol both - ;
. . have a .laevo eonflguratlon* .
two replacement react lorn during e ither of which the Inversion 
might occur* . The elucidation  of■ the re la tiv e  confirm ations 
of l(~)*£*oefcanol sud i ts  laevorotatory chloride ren d ers . i t  
possible, to  assert d e fin ite ly -a t what.stage in  a given-, 
reaction  with i(**)»^octanoi a Walden inversion has occurred#
A study of th e  decomposition of the ehlcroforsmtes of 
!{«*) */s*oct&nol and 1 (—) *ph*flylttiethylearfeine!i has rev ea led -th a t#  
w h ils t In  th e  absence of t e r t i a r y  bases laevonot& tory 
ch lo rides are produced# In  the presence of these  baaes * 
d ex tro ro ta to ry  ch lo rides  a rise#
In  -other words# the dec oppositions are  not a ttended  by 
in v ersio n  un less  a. t e r t i a r y  .base is  present*
Those, observations ere important# p a rticu la rly  as th is  
is  the f i r s t  instance of th e ' p roduction  of a-. laev o re tftte ry  
chloride from l(«*}*A*oetftnol« In  order to  dem onstrate the 
unique character of th is  decomposition* a study has been 
made of the h a lo g em tlo n  of X(^}*£*ooianoi w ith  th io n y l 
chloride and the chlorides and exychlorlde < o f phosphorus * 
both in  the presence of te r t ia ry  basts and. o ther • substances#
From a co n sid e ra tio n  of the-experim ental r e s u l ts  i t  is  p o ss ib le  
to  conclude-that su b s titu tio n - re a c tio n s  in  organic chem istry  
can be c la s s i f ie d - in to  two, m&ln.types* - type I  which occurs 
w ith inversion# and during .which the  organic ra d ic a l  momentarily 
passes through th e  k a tie rd c  s ta te  j ■ and .type ■ I I  which occurs
w ith o u t: in v e rs io n  and in  which th e  : organic ra d ic a l  passes - 
throu^x tha anionic state* ■ \'v
I t ' i s  shown that the general conclusions reached are 
la rgely  in  agreement with those- of other wankers eemploying 
d ifferen t methods* : :  ■ -.
X# . THE 'POSSIBIg 1ECHA11S1VS -CF SgBSTXTOXOW EBAQTZOm.., .
Of S M T M M m  m ^ M W - CO HFO TO S*
Although, up to  1929# no le a s  than  twenty-five th e o rie s  
were advanced to  ex p la in  the  phenomenon associated with h is  
m m 0 Walden considers th a t  a com pletely satisfactory 
so lu tio n  has not yet been a tta in ed #  nor has i t  been found 
possib le  to f o r e t e l l  the course of an in v e rs io n  reaction#
The th e o rie s  which have been put "forward are  ch a ra c te r ise d  ■ ■ 
fo r the most p art*  by a lack  of general a p p lic a tio n  and ■ 
e ith e r  make use  of general ideas ' of re s id u a l  valency or 
p o stu la te  the form ation  of more or le s s  s ta b le -in te rm e d ia te  
eompounda - whose decom position may or may mot- be attended ;'' 
w ith inversion* Th© tru e  mechanism of" th e  Walden In v ersio n  
must be in tim a te ly  connected w ith th© mechanism of • 
su b s ti tu t io n  in  general and th i s  in  tu rn  depends fo r  i t s  
e lu c id a tio n  ©n our knowledge of valency#
- The idea* that in  s u b s t i tu t io n  reac tio n s#  a ttended  by 
inversion# the  entering group i f  a t t r a c te d  to  the opposite 
side  of the molecule to  th a t  occupied by the group to  be 
displaced* appears to p lay  an im portant p a r t in  n m j  of the 
e a r l ie r  th eo ries*  ' In  the  mechanism proposed by Oadamer# 
(Cham* Z e it* , 1910# M# 10O4g- 1919# $6* 1527), to  account'
dextre
fo r  the conversion of ta aw o ta te ry  ehloro-succinic ac id
to  d ex tro ro ta to ry  malic acid* by means of s i lv e r  oxide* i t  
la  suggested th a t  the chiorb^group is  withdrawn from i t s  
attachm ent to  th e  carbon atom.by th e  s l id e r  ion  and th a t  -.. 
as i t . is  withdrawn* th e  th re e  rem aining groups • a re  .drawn 
over in  i t s  d ire c tio n , leav ing  adequate space fo r  the  
e n try  of th e  hydroxyl group* ,
Oatener fits opposed to  the  idea th a t  the , carbon atom 
with only th ree  groups a ttached , could tem porarily  e x is t 
f re e  and remain asymmetric-*.. • He accounts f o r ; the occurrence 
of su b s titu tio n s  w ithout in v e rs io n  by; supposing th a t  .the • 
now group mast a tta c h  i t s e l f  before th e - th re e  groups swing 
in fo  era plane w ith the carbon atom, and in v ers io n  
reac tio n s  by supposing th a t the new group a ttach es i t s e l f  
a t  a. moment when the th ree  groups by th e i r  Momentum have 
swung beyond the  p lanar eonfigurstion*
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- MelsePheimer (Ian* , 1987, Igg , 4S6), has. re c e n tly  ■ 
advanced the, view- th a t in te rm ed ia te  compounds, formed diming 
su b s ti tu tio n ' re ac tio n s  do not a r is e  by a d d itio n  a t  the c e n tra l
atom* feut fey attachm ent to  th e  atom ' or group to  b@ replaced* 
flic linkage between th is  group and th e ’'asym m etric 'carbon 
a t  ora la  ■ thus weakened* A ie h  causes a new re s id u a l  a f f i n i t y  
to  appear'" on - th e : carbon atom* making' another attachment 
possible* •= .fhc mechanism assumed fo r the replacement of 
t h e ' ehloro*group by hydroxyl using  potassium  hydroxide is  
as follow s t : Hie p o s itiv e  potassium  atom in  potassium  
hydroxide approaches • the  negative  ch lo rin e  atom forming 'an 
a d d itio n  product {!}* -'This? in c r m s es t h e ' p o s i t iv e ' ch a rac te r ' 
Of the c e n tra l  carbon atom which a t t r a c t s  the  negative 
hydroxyl • group of another' molecule of potassium  hydroxide 
giving r i s e  to  (lt}«  :
a . H \  %
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Decomposition of {1} would r e s u l t  in  the  p re d ic tio n  
of a hydroxy compound of l ik e  co n fig u ra tio n  to  th e  o h lc ro - 
compound, w h ils t decomposition of (11) would give r i s e  to  
a' hydroxy compound with inversion* :
■- In  order, to  account fo r  an in v e rs io n  re a c tio n  Lowry 
( In s t I t  * ' In t erm  t « d# Chimle S olvay , I t  0 o n se ll * 1928) $ 
a lso  postu la ted  th a t  the  en te rin g  group or atom approached 
to  the  opposite s id e  of" the molecule to  th a t  occupied fey 
the group or atom to  he displaced* Xu add ition*  Lowry*
advancing a n en tire ly  novel id e a , suggested th a t  the car bom
atom has two s ta b le  "environments, the c lo se le a l te tra h e d ra l
environment when linked  to  four monovalent groups, and a
tricoplsnar environment when linked  to  th re e  monovalent
groups* .In  th is  second form, the carbon atom bears a
p o s itiv e  charge which i t  lo ses  when i t .combines with ..an
anion# - I t  Is assumed th a t th e  t r i e  oplanar form. of. the
carbon atom must haw  at le a s t .a  t r a n s ie n t  f re e  existence
' *¥in  the form of a k&tlon 0 abcl, normal s u b s t i tu t io n  occurring 
by th e  n eu tra lisa tio n - 'o f  the p o s it iv e  charge by an anion 
which takes the same p la c e , w ith  r e la t io n  to  the piano 
0 sbd as th e  group displaced* \
D irect replacem ent of X by X :
A change of co n fig u ra tio n  occurs i f  two. negative  ra d ic a ls  
X end X are a ttach ed  s l&ult aneously  to  opposite s id es  of 
th e  plane contain ing  0 abd* , An in te r  m ediate complex is  
formed, which on sep a ra tio n  of the anion X leaves a 
compound w hich.is .the m irro r image of the  parent compound#
Ind irec t replacement of X. by X
■"■■■ In th is  connection, i t  Is  in terestin g  to  note th a t  
by X«*pay an a ly s is  Bragg (1914) has shown that the  carbon 
atom’In -the  carbonate Ion lias a tr ie  ©planer form*
«**' *4* 0
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■ Perhaps the  absence of a sa tis fa c to ry  theo ry  to  account 
fu l ly  fo r the' Walden Inversion  has-been due to  the lack  of 
an adequate theory o f 'valency* ’ ’ 'the 'literature' is  f u l l  of 
recorded Instances o f ’ in v e rs io n  re a c tio n s  which appear to  ’
■be e n t i r e ly  u n re la te d  or in  some case a c tu a lly  co n flic tin g *
In  an e f f o r t  to  ex p la in -th ese  re ac tio n s  th e  no tion  of 
re s id u a l a f f i n i t i e s  Is o ften  employed* The c o rre c t 
formulation of possib le  a d d itiv e  compounds between r e a c ta n ts ,  
and the re co g n itio n  of true cen tres  of re s id u a l a f f i n i t y  ' 
in  a molecule require a sound th eo ry  of valency,, i f  th ey  
are to .g iv e  r is e  to  fr u it fu l  ideas*
elucidate th e  Mechanism of Substitution Reactions#
: The e le c tro n ic  theory  of valency is baaed.on oar wider
knew ledge of the c o n s ti tu tio n  of at erne as the r e s u l t  of .... 
research during the l a s t  twenty years* The researches and 
work of Hossel {1916), lewis .{19X3)* Thoms on (1923)* . 
Stdgwiek {1923)-end others have resulted in  th e . following 
ideas t* ■
• 1) That an atom i s  composed of a central positively 
charged melons In which resides the mass of the atom* • 
Around the nucleus the electronsf u n its  of negative chargef 
ro ta te  l a  o rb its#  The outer o rb its  contain the  e lec tro n s  
responsible fo r  valency phenomena#
2 ) The in e r t  gases {except helium ) possess a s ta b le  
arrangement of eigh t electrons f . atoms .of o ther elements • 
strive .to - a tta in  th e  s ta b le  arrangement by the gain or loss 
of electrons*  According to  th e  number of electrons gained 
or-lost before the atom a t ta in s  th e  in e r t  gas s t ru c tu re ,  the 
atom has. a negative or positive valency of 1, 2 or .3 etc*
3) An e lec tro n  can be shared by tit® stoma* being 
then  Included in  the o rb its  of both  atoms#
According to  the e le c tro n ic  theo ry  there are three 
types of valency#
1) . llecbrovalensy# which is. common among: inorganic v
compounds* ■ . As an e&ample# the linkage between the sodium 
and chlorine atoms in the sodium chloride. molecule 'can .he 
considered* A neutral sodium atom has one electron ’ eat eld© 
s stable arrangement of eight electrons* ' Xoes - o f ' th is  on# 
electron to. another atom gives r ise  to  the sodium ion with - 
a-positive charge* 11s# chlorine atom# with a valency shell
of seven electrons# may take up one electron to  complete 
i ts  octet giving r ise  to the chlorine ion with a negative 
charge* • The two lorn ere held together by electrostatic  
attraction and do not occupy'fJbted re lative positions in  
space* ■-. ^  ■ .
. : : f t r  *  . 01: - — ^
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■ 2) then  two atoms ho ld  one or more electrons' In  
.common#'the linkage is  termed a eovaleney# " Thus# in  --.methane# 
(I) a neutral carbon atom shares its ' four valency -electrons
w ith th e  e lec tro n s of fou r hydrogen atoms# and in 'th is  
manner acquires an octet*
■ H
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I tc h  of th© linkages of carbon to  hydrogen a r is e s  from the  
mutual sharing  of two elec trons#  and when combined in  th i s
way the carbon and hydrogen atoms occupy definite r e la t iv e  '• 
positions'in space and are not re a d i ly  separated# - Where 
two p a irs  of electrons are held In e w o a  by two atoms, a 
double bend m  double ooi?al©ncy a rises , e»g« as in ethylene OX)# 
S) t o  a tom |  a lready  possessing ©completed octet by ■’ 
un i on with other atoms, may ahsre two of I t s  electrons w ith 
yet another ©tom, which i t s e l f  does not contribute any ■ 
electrons to  the linkage# fhua * - the sulphur atom of a.
sulphide can share two of i t s  vacant electrons with m  oxygon 
atom and form a sulphoscide*- ■ fh-a sharing  of the .two sulphur 
•electrons with oscygen i s  equivalent to  i t s  donating  one 
electron to -the oxygen,' 'giving rise- to  an eleotrovalency# V 
This is  followed by the sharin g  of the two e lec tro n s  when a 
e ©valency is formed# fhis type of linkage » y  therefor© be 
considered to  co n s is t of an elooIr© valency and a eowslency 
and has bean termed by X*©wry a nemi^polar double bond#
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' o r  >  ♦ 0
E  '
Moreover,. since'; the oxygen atom h a s  gained a h a lf - sh a re  in  
two e lec tro n s I t  becomes nega tive ly  charged and the sulphur 
atom fo r a lo ss  of a h a lf share in  two e lec tro n s  becomes
- E  :
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positive!y charged# Tlmt such a semi*p©Iar double bond is
present in  certain eulphonides atoms fa irly  certain#
Acc or ding to  th e  o lder fo rm ic© , . i»  which a . aulphoatid© Is  
w r it te n  with a doubly linked  oxygen,'. ©symmetry la  impossible# 
The work ©f. P h ill ip s  and Kenyon, (J# , 1925, 2552 f 1926, 2079 j 
1927, 188}, has shown t h a t . sulphinl©  eater© , um ym m etrlesl . 
eulpfooaci&ea and eu lph illm ines can be reso lved  in to  th e i r  
opt lea. l l y . m  t  im  . forms * Hie only p o ss ib le  formula fo r an. 
asyss&ebri© molecule is  one in  which the  sulphur is  jo in ed  
to  the oxygen by a s in g le  l in k ,  b u tv since  the s t a b i l i t y  of 
the  mmpmnd uhmn  th a t "the o c te t of th e  oxygen must be. 
com plete, th i s  l in k  must be formed of. two electron© derived  
from the  sulphur, atom*
H *6  COt H .O « a 4 - ■ ' ■CO«E#CftH4 ■ -
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This Conclusion'is also supported by Sugdeh1* measurement, 
of the paraohor of e th y l p«*t eiuenesulphina t  e »
I f  - now s u b s t i tu t io n  be considered using  th e  newer 
electronic .views.. I t  w il l  be found that the apparently sim ple 
process of s u b s ti tu t io n  does not c o n s is t merely in  removing 
one group from a Valency bom! -and re p la c in g  I t  by another#
I t  would appear that & group may sever i ts  linkage w ith . 
ear bon in on© of three ways,
18*
a): i t  m y Imv® a negative radical* taking -
. ■ with i t  the two electrona of the bem&f ■
b) ■ i t  m y  leave as a p o s it iv e  rad ica l*  lead in g
the- two bonding electro us with the carbon 
atom*
©) i t  m y  leave m  a neutral atom* iserely withdrawing
the e le c tro n  which i t  - co n trib u ted  to  the 'o r ig in a l 
linkage*
The actual course taken in  m y  particular substitution 
seems to depend m  a t least two factors*, a)-.the nature of 
the reactant and b) the. m tare of the groups attached to the 
mymmtvXe carbon atom* The final product famed ©rises . 
as a result of the m t influence of these two factors* For 
mmpt®, from a consideration of the reactions of aqueous 
hydrobroraie acid* 'it can be. assumed that the bromine reacts
Y  - &
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m  mi anion* fhus # when" i t . 'd isp laces an hydroxyl group* • • 
the l a t t e r  m e t  take w ith i t  th e  two bonding elec trons*  isim e 
any other ■ ©stangtiatnt would re s u l t  1 n mart than/ e igh t 
e lec tro n s surrounding the  carbon-atom,* which I t  co n tra ry  to  
the o c te t ru le , in  the- type of re a c tio n  in  which the  
en tering  group e x is ts  m  an anion* th e  d isp laced  group m ist 
a lso  re a c t as an an!on and i t  would appear- th a t  such sub«*-' 
s t i tu t lo n  re a c tio n s  w il l  oroeeed v is  mechanism ’{&) which 
involves' a carboniura k a tlo ru  - With the com oa halogenating  
agents -(*«£» the t r ic h lo r id e  and oxychlorid© of phosphorus* 
th io n y l o h lo rld e ) where the  halogen i s ' co v a len tly  linked* . 
i t  cannot be p red ic ted  in  whet f  orm the halogen w i l l  take 
part in  the reaction*  ; With such reagen ts  the  f in a l  ch lo rid e  
probably a r is e s - from th e  decomposition o f .In term ediate  
re a c tio n  products such as KO*P*Clg and R0*&O*0X* which s t i l l  
con ta in  the  ehlar©~group co v a len tly  linked* ■
In  order to  discover, how such in term ed iate  products w i l l  
decompose i t  i s  necessary to  look snore c lo s e ly  in to  th e i r  
e le c tro n ic  make up*
When a t te n t io n  is  d ire c te d  to  th e  groups a ttach ed  to  
the asymmetric carbon atom* I t  i s  apparent th a t  th e  e le c tro n  
a t t r a c t in g  m* r e p e l l in g  q u a l i t ie s  at, these groups p lay  an 
im portant p a rt In  determ ining the  course of th e  reaction*
For example * when ©n e le c tro n  a t  t re e  t in g  phenyl group
g — ■
is  a ttached  ta  the  asymmetric carbon atom in  bl0*2£f in  th edh
absence -of other 9 the roptoo oment of %
w ill bend to occur by a mechanism-in, which the asymmetric 
esrbon atom retains* the bonding electrons of the C*0t lihksge
{i  # ©t ace or ding t  © • mechanism (b) }«...■..- The bonding eXectr ens 
can be considered to be more- under--the control - of, the 
asyasaiefcrie carbon atom than of the group .X# . This sta te  of ., 
affair a • m& y ; bo p epres ent e& .by an . aleetr os t  a t  is doublet • with. 
Its. axis along tlie bond Joining the phenyl, group to .the .. 
asymmetrlo.. carbon atom end.with .the negative end directed 
towards, the .carbon a tom*. •■ • ,
- ;: : C#H g-C -X v-.^  V... - . . . a - . C - X - 
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Where the ■ group X h as ' g r e a te r ' a t t r a c t in g  q u a l i t ie s ' than  
the o ther groups a ttached  to  the eeyam etrlc' carbon at oat*- th e  
replacement of X w ill  tend  to  occur by a mechanism in  which 
th e  bonding e lec tro n s a re  not re ta in e d  b y ' the  asymmetric 
carbon atom# For example, to  an a l ip h a tic  a lcoho l 
B<|HgKg*C* Qii§ the  hydroxyl group can acqu ire  an a d d itio n a l 
e lec tro n  to  complete i t s  o c te t and i s ’ thus capable of f re e  " 
e x is t  once as an anion# ’ too  bonding e lec tro n s  can be 
Considered to  be more under th e  co n tro l of the  oxygen stem 
than  the  carbon &to% a s t a t e  of a f f a i r s  which can be 
rep resen ted  by an e le c tr o s ta t ic  doublet m  in d ica ted  '
 ^ . Ih e  molecule la sa id  to  ■ possess a-dipole# sM  th e  .,.
con tra  of g ra v ity  of :. the protons of the const! tn m t  atoms 
does not co incide  with th e  cen tre  of th e  e le c tro n ic  a c tiv ity #  
S u b s titu tio n  re a c tio n s  proceeding v is mechanisms a) or
b) w i l l  re su lt ' then  in  the- form ation of earboniuat featlens and 
capbonium unions re sp ec tiv e ly *  and evidence-must be sought 
in  order to  d iscover i f  th e se  lo rn  have a f re e  existence* - 
however transitory*- and if*  having th i s  tra n s ie n t  ex istence  
they  a re  capable o f, re ta in in g  th e i r  asymmetry# .-.
. th e ' ex istence of the bn t  Ion C%bd has been .assumed by. : 
lo w y  «nd c u tte * v jr« i 1926* im ;a em $  P h illip s*  j** 1925* 127> 
2565* to  account fo r  c e r ta in  anomaXies. i n 'o p t ic a l  ro ta to ry  
power exh ib ited  by compounds. contain ing  ketonlc groups* • 
Moreover*• s in ce  no expounds have yet been described  which 
owe th e i r  o p tic a l  ..a c tiv ity  s o le ly  to  such a grouping i t  i s . 
assumed ■ (Kenyon and P h ill ip s  * 6**. I960* 1676} th a t the feat ion  
forms., not a s ta b le  * but a l a b i l e  system* ‘ o s c i l la t in g  between 
two- .forms with opposite  configurations*
I t  m jb ®  noted# ho&ever* t h a t ' compounds contain ing
4*the  S &M grouping have been is o la te d  In  o p t ic a l ly  a c tiv e  
forma# though in  these  compounds the  sulphur atom fim  a 
complete o c te t of electrons*  • - (B ii l t ip s #  T^# # 1923# 125# 
fSS3f Harrison# Kenyon and P h i l l ip s f !♦* 1026# 2079 f 
Clarke# Kenyon and P h illip s#  1* # 1927# 183)#
■.. e9H$o ; $ c vtir" ■ c$*?s?c*iu.cogH
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E thyl p~t o luenesttlphinet© ' ' •' m*esrbonj^phenylmeth^i
■ sulph oxide#
ih e  assumption ia  made th a t  i f  k a t io n s ■ C‘rahd a r is e  in  
a r e s t i t u t i o n  reac tio n #  they w i l l  racend&e, re su lt in g  in  th e  
form ation of an equ ilib rium  m ixture of en&ntiomorphcusiy 
re la te d  forms# u n less  soma sp e c ia l mechanism In tervenes 
leading to  a Walden Inversion# . . f h is  mechanism involves 
th e  ex is ten ce  of anions in  a p o s itio n  favo rab le  fo r  th e  , 
production  of. & d e r iv a tiv e  w ith  in v ers io n  of .con fig u ra tio n * , .
* BKperimental support ■ fo r, the ®s sumption Is  forthcoming 
in  th f  form ation of inm etive**phenylethyl p^tolyX m lp h o m  
by the  'isom erlsa tion  of 1-phenyl methyl d l -p - t  oluenesulphlnate# 
(Kenyon and I h i l l i p s ,  1930# 1677)# ■
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This sulphone has been prepared in -an  optima 11^ a c tiv e  
cond ition .by  the  in te ra c tio n  of ix-chloro*ethylbenj5ene and
sodium p^toluenesulphinate#
CeH* t ; ‘ ^C«H*
■-.•■.» , H-C— Cl - . ; 0.7R7»80g * 0*-H ■' - *f* -. Bs.01
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The fundamental d iffe ren ce  in  th e  mechanism of these  
two re ac tio n s  i s ' th a t in  th e  la t te r*  p-toluenesulphinoscy 
Ions a re  p resen t before the  - form ation of the carbonium k a tlo n  
and are  a v a ila b le  fo r  union w ith i t  before i t  reeexaisea* w h ils t 
in  the  form ation of the in a c tiv e  sulphom  no such ions a re  
a v a ila b le  u n t i l  a f te r  the  form ation of the  hation#
In  th e  form ation of the  a c tiv e  sulphone* when the 
earbonium k a tio n  separa tes  from th e  ch lo rin e  anion i t  finds 
i t s e l f  in 'th e  presence of other anions^ viz*.*- p-to iuene* 
Sulphinoocy Ions.* I t  la assumed th a t  th ese  w aiting  anions
• C@H§ *i* - -w" - :
*- H-C 0 ' - + Q-S-C*H*
■ CHjr-: ■ 0~ '
• approach the  molecule on the opposite s id e  to  th a t  occupied 
by the group to  b e :d isp laced * ■ Thin assumption i i  probably
ju e tlf ie d *  since th is  d ire c tio n  of approach harmonises w ith 
th e  d ire c tio n  of . th e  d ipo le  moment of :the molecule* ■ F in a lly *  
when th e  ch lo rin e  atom leaves the molecule m  an anion*, th e  
Xone e lec tro n s  of the  sulphur atom of the w aiting  p^teluene* 
eulpfcl&oscy-' anions a tta c h  themselves to- the carbon atom on 
th e  opposite aide of the molecule g iving r i s e  to  an o p tic a lly  
a c t iv e ' sulpbone w ith Inversion  of configuration*  Those 
oarbonlum kation i. which f a l l  t o  connect up Immediately w ith 
p~tolnm@ mlphi.mxj anions form an equilibrium mixture of 
th e  dy.and ly  forms* the  subsequent com bination of which w ith  
p^fcoluenesulphinaxy anions .produces equal amounts of th e  
d* and Xy eulphemes* In  th is  manner the lo ss  of ro ta to ry  
power'which always seeomp&nles th is  re a c tio n  m n  be 
accounted for*
I t  may bo concluded then  th a t  if -d u r in g  th e  course of a 
su b s titu tio n , re a c tio n  a earbonlum k a tlo n  a r ise s*  th® product 
w il l  be e ith e r  o p tic a l ly  in a c tiv e  cr opposite  in  co n fig u ra tio n  
to  th e  paren t substance*
The type of s u b s t i tu t io n  re a c tio n  which involves 
exchange of anions w i l l  be - accompanied th e re fo re  by a Walden 
Inversion* ' In  th e  type of re a c tio n  in  which the  en te rin g  
group i s  co v a len tly  linked* th© d ire c tio n  of the d ipo le  '
mmmt of th© meleoul* w ill decide whether the 'ftsymmetrle 
©anbon a.toa .©©paratee m  the  cen tra  of a ©anhonium axdon . 
or a ©arbonium katlon*/ I f  the- d ipo le  la  o rien ted  in  such 
a way th a t  the p o s itiv e  end I t  d irsated" towards th e  ©symmetric 
carbon atom, ■ then  i t  i s  ■ l ik e ly  a ©arbonium k a tlo n  w i l l  a r ise ^  
in  which ©*sef union w ith ■ an anion w il l  r e s u l t  in  th e  
form ation of a pro duet with- inversion*
Heeetioso' of th©; f i r s t  typo may he rep resen t ad -in the 
fo ra  of a general o ^ a t io m ,
■ & + V ' **»
■■■..b-C—X * MX ■ * ; X-Cgh ♦ ■ MX
'.d^ . ■ d '
In these reactions, a sa lt cr salt*llk:© substance is 
employed as the reagent Introducing the substituent atom 
cr group* lit© en te rin g  group Y is  present &b an anion.-and
S&.can only form Y*€-^ • by union w ith a ©arbonium k&tion* The 
eacistonee of a dipole- in  compounds which re a c t  i n  t h i s  manner 
ensures the  en tering  anions tak ing  up a p o s it io n  on th© 
opposite s id e  of the  molecule to  th a t  ©coupled by the group X* 
IMs fa c to r favours 'th e  occurrence of an in v e rs io n  and a l l  
re ac tio n s  of th is  type have boon found to  occur w ith  inversion* 
fh© f o i l  taking examples of th i s  typo of re a c tio n  may be 
Quoted*** : ■
; !) and geayoa'f / «?♦ * 1?1 f «
(?) rt& sher, Her* >
(3) JUiipcm Iliild lpa  o U  Tur3 iff »./£»» l^ti:|s I, / f  ^ .
(4 )  t & U U p s ,  J , ,  t ,? 3 # t* ■■■■ ■■ p .'/...;; ;;;. y
C,) Cocohlri.?^®* o f fcoaOdzu f >1
; Hoiiiiiai asd J** U'.v* U‘~^
. In  tlio m ®and mode o f decomposition (b )# shown in  
th e  previous scheme, the  group which sep ara tes  as a k a tio n  
leaves the bonding e lec tro n s  w ith  th e  carbon atom# This 
m j ■ he assumed to  occur when'the electro& ~& ttr& etlag power 
of the group about t o  be d isp laced , i s  le s s  than  th a t  of th e  
o ther groups a ttach ed  to  th e  asymmetric carbon atom*
The earboninm anion thus produced is  reasonab ly  s ta b le  
s ince  o p tic a l ly  a c tiv e  compounds con tain ing  th is  s tru c tu re  
have h m n  i s o la te d , e*g« aci*|3«*nitro*butane (A ), (Kuhn and 
A lb rech t, Bar#* 1927, ©0, 1297) d iessw eaters <B> (M artel and 
Hoyes, J* Amer* Chem. S oo .f 1SS0, 42 . 2389| C hiles and 
Woyea. Ibid*, 192S, 44, 1793),
K®. -*J) ■ ' EtO«C.CH,.CH, _ *
^ c - i f_  * y - i m i
E& N0 ■'Ka . . , EtOgC
(A) E thyl diasso-glutarata .(B)*
Although th e  p o s s ib i l i ty  of. the  ex istence o f . th ese  
compounds in  o p t ic a l ly  ac tiv e 'fo rm s has been challenged., 
(W cissberger and Haase, Bar#, 1931, 64, 2896), a s ta b le ,  
o p t ic a l ly  a c t iv e ,  c ry s ta l l in e  a l ip h a t ic  d ieao ^es^o u n d ,
p^naphthol^phenyM iasomethane, has re c e n tly  been prepared , 
(Bay, J# Amer# Chem# See*, 1932, 54, 295)* Hay as signs to  
i t  the formula given below and concludes th a t  M s r e s u l ts  
Sho» conclusively  th a t a carbon atom a ttach ed  to  the d iaso  -
23 *
group may be asymmetric
i h c t = c . o n
It'W ould thus appear th a t  a  n eg a tiv e ly  charged ra d ic a l  
con tain ing  a car bom. a t  cm a ttach ed  to  th re e  d if fe re n t  groups 
cam e x i s t . i n  two eaamticmor phoas forms which possess 
considerab le  s ta b i l i ty #  Moreover, I t  Is  apparent th a t  th is  - 
r a d ic a l  can combine only w ith a p o s it iv e ly  charged r a d ic a l ,  
and th e  s t a b i l i t y  of the eerbonliM emiem in d ic a te s  th a t  
a product w i l l  a r ise ' w ithout conflgu ra tiv#  change, Examples 
Of th is  type of change a re  to  be found in  th e  decomposition 
of 1{—)*p*octyl ehloroforiaato on heating , a lo n e , and In  th e  
h a lo g em tio n  of 1 {*~) ~pli#nylmethyl-- e&rbinol by th io n y l ' 
chloride,- fh ese  re ac tio n s  are d iscussed  in  a l a t e r  section* 
fh c  th i r d  mod# In  which a group X may seven I t s  .
connection in  a compound j | j*G*X would r e s u l t  in  th# form ation
of n e u tra l  rad ica ls*
*-■ bra* ♦ .x: (e)
■ a : ............................. "  ■
Such ra d ic a ls  would r e s u l t  by d is s o c ia t io n , th# shared 
electrons being d is tr ib u te d  equally  between th e  to o  a t  mas#
tola distribution involves the p a rtin g  of a pair: o f valency 
electrons* a .phenomenon which i s ' postulated in  order to  
account fo r  certain  reaetieim .eocurrlng .under special; 
conditions*..vis# Mgh tem perature or to  th e  presence of 
lig h t, (Lowry* ^ourn* Inst# of- Chem#* 1932, 186)* Chlorine, 
fo r  example*.may take p a r t to -chemical reactions e ith e r  by. 
io n is a tio n  in to  o pposite ly  chargod r a d ic a ls ,  thu s! ■
• ♦ t .  ***»:ci:ei:==^:ci + : c i :. . . .  • * . . . . . . . . . . . . . . . . .
or. by d isso c ia tio n  in to  neutral atcaa
■ ■:ci:ci:sf=is : ci' ♦ .c i:«.» #•
Lowry proposes to  c la s s i fy  ohemicml reactions in to  ' 
two c la s s e s , the f i r s t  io n ic  to  character and the second in''- 
whloh f re e  rad ica ls p lay  a major part* toe  second c la ss  
i s  composed m ain ly ; of h igh  temperature.reaction s* a type of 
reaction  r a r e ly  met w ith  to  the-W alden Inversion, reactions  
d e a lt  w ith  to  th is  th es is*  . On th ese  grounds, th erefore , 
th e re  is  l i t t l e  ju s t i f ic a t io n  for th e  introduction of th ese  
n e u tra l  ra d ic a ls  In to  a hypothesis advanced to  account fo r  
the mechanism of th e  Walden Inversion# .
3 0 .
2* THE REACTIONS OP THE n - f  OECE-Ersnt.TfllHIC A®_jp-50LtJEIfE- 
;^  ■ ' SOTPHOWXG ' ESTERS' OF 3L(—)*|3*OCTA^ O?» ATS) l|~}*>PH:gJ!irL<*"TifTifcir^Tw-i T*»n^«ifltf;**ttraiu>8t)fc»wMWwijw'lMWiw*<w%*'.v^*i*»:Ww«u*a'iJtiE^ ^
KEWlXMARBIijOL, THE RELATIVE COKEIOiJRATIOKS OP THESE 
AIiCOIIOIS ARP THEIR IAEVGR'QTATCRY CHMRIPES,'
(a) The Reactions of 1(—)»P«Dct;yl tll-n-Telueneaylphlnat© .#ni»».»r»    «**» ' wiMi>www-ui.tTr.»i>(iiiiliwii i^y?jQl>8^ 'ia<(t<iM^iwi^ i,irtwri^wuau.iw»M^sa^ i ,^tWMy<»iji<)l mummi oin»!»»»■■
On© of the d ifficu lties  encountered in  the
study of the Walden Inversion’ we© that the occurrence of 
an-inversion only, became .apparent a f t e r  two reactions# each. ■ 
involving the displacem ent of * group attached to  the  
asymmetric carbon atom* had taken  piece# , i t  was# th ere fo re ,, 
im possible to  a s s e r t  during which of the two displacements 
the  inversion actually occurred* For- eaesmpI t#  by the ac tio n  
of n i t ro s y l  bromide on laevoroiatery a sp a r tic  a c id  there 
is  formed Isevorotatory bromosueelmle se£& which m  treatm ent 
w ith emonla y ie ld s  d e x tro ro ta to ry  aspartic acid* A 
eoafigur&tive change is  p o ss ib le  during e i th e r  of th ese  
reactions*
B0aC.CS*!Bs I!0g0.0H*Br ■ ' H0#C*CH.;KH*
I.   IlOBr—^  I — © a ->  i
HO ^  C♦OH®--. hO 0 0 * Ch g HO sg C # Cli $
(—^ a s p a r t ic  ©old ' J^hromosucclnlo ae id  (*)<*asp&rtic' &eid«
(Walden# Ber#* 1397# 50# 3140)*-
■ ■ -^-tolucnesulphinl©  an d -^ to lu o n ssu lp h o a ic  ©eters of 
2U*»)~j2U0Ot&nol have been - shown to  give r i s e  to  re ac tio n s  
In  which the stag# a t which an in v ers io n  occurs can b©
d o f ln i te l j ' indicated* In  th e  re a c tio n s  to  be d iscu s8ed 
th e  p^toluenesuljfoinyl and p»telu©n@sulphonyl e s te r s  of 
i' l ' ( —)-*j3«*©etanol.can be shown by th e i r  method of p rep a ra tio n  
to  h ave .the  same .co n fig u ra tio n  as th e  paren t alcohol#
,; su lp h in le ..e s te r  i n  prepared by the  in te ra c tio n  of 
ai^pw tolnenesulphinyl ch lo rid e  and. ! ( —}~p-octanol in  the  
presence of p y rid in e , (P h i l l ip s * imp 1$&5* 13?* £365*)
'-"■’■ Ci-IaI
C|Hi r 0*QH ' ,
•
I ♦
CcH1 t.-C -Q -S.C 7H*
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0 5, $ *■ 0 **•"*0 ■*■•* $** 0*$ H 7
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Since only the hydrogen atom of the  hydroxyl group is  
replaced# the  valencies o f . the  asymmetric carbon atom can 
be assumed to  remain undisturbed# S im ilarly#  during th e  
ox idation  to  the su lphom te  th© ad d itio n  of an oxygen atom 
to  the  sulphur atom la u n lik e ly  to 'c a u se  any d istu rbance  of ■ 
th e -v a le n c ie s -o f the c e n tr a l  carbon atom# I t-fo llo w s  then#' 
th a t l{~)~£«*ootyl d l*P*tolueneaulphlnata and p^toluenesulphon^ 
a te  prepared by th ese  methods have the same .co n fig u ra tio n  as
N idation
i(-*)*P*octsnol* -
, Otto {Annalen* -X867* MX* .372$ : Otto snd'X'rBger, Ber*f 
1891* 249 485} .has .shown th a t p*toXuanasuXphlniG ac id  
re a c ts  with halogens according to . th e  equation.**
C ^VSO gH  4 Xs  = C7H7 .S 0 2X * HX
■ ■ p-toluenesulphinic e s te rs  have'been found to  give 
analogous reactions on treatment with aqueous so lu tio n s  of
a) hypochlorouaT acid an d  b) ch lo rin e f (Houssaf Kenyon end. 
B i i l l ip s  * Jtf  19291'■ 1700)* -
4* 4 ■' 4
c7h».so.cH CvH? * B0 #0H c7h9. so*cE '«t* ■ 4 * „lllll
Cl Cl ...Cl Cl ■. Cl OH
' When shaken w ith an aqueous so lu tio n  o f ' ch lorin er 
p-toluenesulphinic ae id  is  converted to  p*toluenesulphonyl' 
chloride and'-hydrochloric acid* Doubtless' th e  re a c tio n  
proceeds as Indicated* the p o s itiv e  hydrogen io n  acqu iring  
the ch lo rid e  anion leav ing  th e  ch lo rin e  b a tte n  to  form th e ' 
eulphonic.chloride*
In a s im ila r manner* when su lp h in le  e s te rs  re a c t  w ith 
ch lo rin e  the course taken by the re a c tio n  is  probably the 
same, - l#e* B u n i te s 'a s  a'carbonium feat ion w ith  th e  ch lo rin e  
anion*' w h ilst the chlorine k a tlo n  forms'p«4oluenesulphonie 
ch lo rid e  as before* ''
Aqueous solutions of hypochlerous so ld  m y  be considered  
to  re a c t  in  a s im ila r  tm nm r to  aqueous solutions ef chlorine 
with p-toluenesttlphinie esters*'.-
HypeehloreuLs-acid'is the weakest of the  oacy*acids of
ch lo rin e  and hence gives r i s e  to  few hydrogen ions according 
to  the equation**
I! OCX =5=s= S + OCX
Indeed* by i ts  mode- of formation from chlorine and 
water in th# presence of mercuric oxide i t  would appear 
likely  that i t  ionises mainly according to  equation (a)**
(a) HOSl==  ^ HO + Cl
; Clg- ♦ H 0 ;=^s HOI + H0C1
| r #t*f* *«## MM# 'HK
or..ionieally .*  01 C ls . * H <M II.01... >  .HO Cl
■ : Tkxm $ w ith  sulphinie. e s te r s  •. i t  may be concluded th a t
the chlorine combines w ith the  p^toluenesulphlnoxy group* 
end the anionic hydroxyl group combines with-the group. B*. 
which'separates from the sulphlmte. molecule as- a •. p o s i t iv e ly
charged group*
Xfhese two reactions (with, hypechlorcuft acid and chlorine) 
in th is manner provide e means of converting the suiphlnle 
ester of an optically active alcohol into the parent alcohol 
and its ' chloride by reactions of the same type* . ■
ihen xt-*)*j3*octyI dl*p»teluenesuXphinat e undergoes these 
reactions the following interesting results are obtained*
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CHa... . .
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fee  aXoctial produced i s  d e x tro ro ta to ry s n d , th e re fo re*  
possesses a configuration opposite  to  th a t  of th e  a lcoho l • 
from whieh th© .ester was prepar ed*. • S in ce : no in v e rs io n  of 
configuration .oeews. .dizring th e  p rep ara tio n  of the e s te r  
i t s e l f ,  i t  must he concluded th a t . ..the;in v e rs io n  occurred 
during the in te ra c tio n  of the e s te r  with the  hypoohlorous 
sold#
Owing, to  the c la s s  s im ila r i ty  he two on the in te ra c tio n s  
of the hyp oohl or mm ec Id and the. ch lo rin e  r e sp e c t iv e ly 'w ith  
the ■ sulphlttlc .• e s te r » i t  -m j  he concluded th a t during th©': 
l a t t e r  /reac tio n  m  inversion , of co n fig u ra tio n  'a lso  occurs# . .
. fe e  ch lo rid e  .formed w i l l ,  th e re fo re , possess th e ' m m  
co n fig u ra tio n  as th© alcohol produced*. - Since the  ch lo rid e  
p roduced-is ' d e x tro ro ta to ry  i t  can he concluded th a t  tectr© * 
ro ta to ry  p *chioro*octtme has ..the ■ same co n fig u ra tio n  as 
d ex tro ro ta to ry  £*o©tanol#
K0C1
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-ClSGC?H r* B-0~O,S*CM% 
I 6
■ 0H§> . '■■-■■
Cl
ED-0-M
I
01%
OeHia 
I
C1*C~H
I
01% -
I -
" ■ Several useful' deductions may be. drawn from a considers* 
tIda of those two inversion reactions*- the asymmetric ■'■ ■ 
natw i of the p«*toluenesulphlnaxy ■ group*. combined with ' 
measurements of the paraehor of - ethyl dl*p*tolnenesulphinBte 
(Phillips* t®2B§ 185^ S563)f have provided conclusive 
evidence that the electronic *aatee«up of the sulphur atom in 
dlepetoluenesulphinste is  as indicated in  (X)*.-
I +gi+
h- c-o :e:c?H* . (n>
l 5~*-
0 t.,r*A j|
■ C«eh*8 - 
I -,01 
H-C4 W W  ■ {XIX)
I t  may.he supposed that th e . interaction of th is  
Snlphinie e a te r with-hypochloroas acid {or w ith ch lo rin e ) 
proceeds in the • manner • indicated owing te r  the" influence of 
a dipole moment p resen t in  the sulphlrate. molecule* .. By , 
roes on of the ab ility  of the  .p~tolueneeulphlnem:y group to  
e x is t  m  an ion* the two electrons Of the carhon^escygen. 
linkage can he - considered, to be more under ..the co n tro l of 
th e  oxygen atom than  of the carbon ©tom# ■ !?he' orbit of th e  
electrons around• the oxygen atom m y he deformed in  the.
H001' OH
.c~o:s?e7H7 
! . I T ­
CH*-
£1)
d irection  of the p-toluenesulphlnoxy group# th is  condition '
m f  he represented h j  the introduction of am e le c tr o s ta t ic  " 
doublet with i t s ax is along t h e ' oarbon^oscygen bond# the  
p o s itiv e  end of the doublet being d ire c te d  towards the carbon
a t  oil# ■
c*b*8
■-'; ' l+_£. 07 ■ . !<__£ ■
h«O«»^ OwS*s,,0syIi*?r ~ --------- 3*-
I. mm 1 /^ "t ^
CE*- 01 . CK*:, ■
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'•'■■ I ; +0.|, 14. I
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■ \  _CeHia
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. ..Braimolecular q u a n tit ie s  
of ■ d* and !<* chloride* .mm '*«►
Bene©* i f  the p-*toluenes:ulphimt# molecule be p laced 
under o ra l I t  ions- such th a t  th e re  are p o s it iv e  and negative 
Ions In  i t s  neighbourhood*, the co ncen tra tion  o f.negative , 
ions w i l l  be g re a te s t on the  side of the as^mnetrio carbon 
atom opposite to  that, occupied '.by th e  p**fc oluenesulphinoxy 
group* *3? he p o s itiv e  ch lo rin e  io n  w il l  be a t t r a c te d  tow ards- 
the lone p a ir  of e lec tro n s o f  the sulphur atom* At the
moment , th a t, i t  a c tu a lly  takes up these two-■ e lec trons $ ■
p*ielutneauXphenyl chloride s p l i t s  o ff  i s . i  n e u tra l molecule 
wit M r awl tig the  two e lec tro n s of the carbon^oacygcn linkage* 
the' eerboniwm Actions so farmed undergo interslou and 
combine with ch lo rine  in i  one forming a £ ♦chlore-octano of 
opposite''configuration to that of the milphlnte ester and 
of the parent alcohol*' -When oarbenlum fe itie rs  aeparate 
end no ch lo rin e  aniens ore available with which to  combine*, 
them oscillation between the. two forms with' opposite ."'" 
co n fig u ra tio n  ocettrs and there i s . t n  equal chance of the 
production of e ith e r  a &~ or an i** chloride# :
, flie re  Is no. doubt th a t  th e  re a c tio n  re s u l t in g  in  the  
formation of a chloride'w ith  inversion  i s  but one of three* 
proceeding. concurrently* The o ther two r e s u l t  i n  1) the
form ation of 01* "chloride m  indicated above,, and 2) the 
form ation of ootylene#- h^@. formation of o c ty l one, which i s  
observed in  tuany of the s u b s t i tu t io n  re ac tio n s  w ith  p^oetanol* 
r e s u l ts  when earbonlum feat ions become ab so lu te ly  f re e  and. 
f a l l  to  combine w ith ch lo rin e  aniens* lo ss  of a p o s itiv e  
hydrogen i m  from the earbonlum k a tie n  m d  m rearrangem ent 
gives r i s e . to  octylene# •
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b) She Reactions of 1 (—)*0»O<st,-ri.»t»iarwm tafcwym m< »"!» f tn a#»
The t o e a l o a  re ac tio n s  undergone by p*tolueneatilphonie 
t i t e r s  on In te ra c tio n  with s a l t s  and s a l t - l l k e  substances 
limy be accounted fo r  on a s im ila r  hypothesis to  th a t  put 
forward in  th e  ease of th e  p«to luenesulphin ie esters#
■ .! ( —}*P«Ootyl. p~t oluenesulphona t  e # an in te ra c t  ion  w ith 
an a lco h o lic  so lu tio n  of potassium  m  e t a t a* y ie ld s  a. 
d e x tro ro ta to ry p^ootyl acetate. { B a lllip s , 1925# X2§* 
850)# • . . I t  Is concluded th a t a Walden in v ersio n  occurs 
during th i s  re a c t io n , since  . . . i ( - ) ^ e c t a n o i  gives a 
laevoretatory acetate on treatm ent w ith a c e tic  anhydride 
(Piehard and Kenyon* J* # 1915# 105» 830}# . from th e  
laevorotstory acetate th e re  can ho recovered on H ydrolysis« 
I(«-)*£»octanel unchanged In  sign  and magnitude of ro ta to ry  
power*
C<|H*S ■ - CeK**
 ^ I ' ’ •-■ ■■■ ■'■' v ■ I ■
■. X~ : CH#~C-H .'.. / -------—   CHa-C-H 1* '
i ■■ . ■ i ■
Ae»®
OH
Kfie.
0 • SGg*
0#C0*CH*c8h*. '
I I I
1- CHS-G-H ---- ►■■ CH*-C-H ■*—  CH8-G-H <J-
I I I
O.CO.CHs OH C8H»»
i -  a -Mr «#«*
Further,. l (—)*p•octyl':p^toluenesulphonate also reacts
in  a lco h o lic  so lu tio n 'w ith  lith iu m  ch lo rid e  to  form a dex tro - 
ro ta to ry  p-ehloro-cetan© * (Houses# Kenyon' and IM XIips# lc o »c l t * \  
Hence th i s  sulpthonie e s te r  can he converted in to  a dex tro ­
ro ta to ry  a c e ta te  and ch lo rid e  by re a c tio n s  of the same type*- . 
Apart train the  u n sa tu ra ted  na tu re  of th e  a c e ta te  ion' as 
compared with th e  ch lo rin e  io n , th e re  i s  no obvious reason 
why th e  course of th e  re a c tio n  w ith lith iu m  ch lo rid e  should 
d i f f e r  from th a t  w ith potassium acetate#  Consequently,. If., 
re a c tio n  w ith potassium  a c e ta te  le a d s .to  inversion# than 
R eaction with lith iu m  ch lo rid e  should y ie ld .a  s im ila r  re su lt*  
Thus# s in ce  a d ex tro ro ta to ry  ch lo rid e  Is  produced I t  can he 
concluded th a t  i t  has the  same co n fig u ra tio n  as th e  
d ex tro ro ta to ry  a c e ta te # ■and.hen ce■th e  same as d{* )-p-octanol#
The conclusion  th a t  l&evorot&tory ^-chloro-octan©  has - 
th e  same co n fig u ra tio n  ' s  -o c tan e! m y  he a r r iv e d  a t
as a r e s u l t  o f both the su ip h la a te  and eulphonat© reactions*
The mechanism of the sulphonato in v ers io n  can be rep resen ted  
in . l ik e  manner' to .-th a t fo r the  su lp h in a ie  reaction*  The 
aulphonat© molecule con tains a d ipo le  o rien ted  .in  th e  same 
d ir ec t i  on t o '  th a t  in  th e  ■ ©ulphin&t © molecule * 1 * e * w ith  
th e  p o s it iv e  end d irec te d  towards th e • ©symmetric carbon atom*
The K B tallio  teatien i s  a t t r a c te d  towards the negative 
ontygea atoms ,  the sn lcn  meanwhile 'ta k in g ;up;:a p o s itio n  on'" 
th e  opposite  s id e  of. the as y m e t r i e ' carbon atom tinder th e  
Influence of the  dipole* When th e  m e ta llic ' k a tlo n  
d e f in i te ly  jo in s  to  th e  m jg m  atom* a .n e u tra l  molecule 
of potassium  (o r lith iu m ) p-to luenesulphonate s e p a ra te s , 
withdrawing the  ’ two e lec tro n s of the earhon^dxygen ' 
lineage# Then, as . i s  found w ith th e  e u lp h im te  re a c t io n s , 
th e  esrhontum Im tlon eoafc&nes w ith the  anion forming a n ' 
a c e ta te  fo r  ch lo rid e ) o f apposite  co n fig u ra tio n  to  th a t  
of the sulphonlc e s te r  and af th e  parent (S^octanol*
" '.d l* p»ff o lu e n e e u lp h in a te ,
' I t  in  well-known t h a t . th e  beha%*iour of compounds. 
Containing a phenyl group a ttach ed  to  th e  asymmetric carbon 
atom m y  d iverge  from  th a t  shown by purely  a l ip h a tic  compounds* 
For example, I t—.)-phenylm eth jlearh inol y ie ld s  a ch lo rid e  
'of ' the same s ig n  w ith th lc n y l  c h lo r id e , w hereas. 1(—)-^ -o c tan o l 
,J y ie ld s , a d e x tro ro ta to ry  ch lo rid e  w ith  th is  reagent* ' This 
may be a t t r ib u te d ,  at' le a s t  in  p a r t ,  to  the e le c tro n  
a t t r a c t in g  p ro p e rtie s  of th e 'p h en y l' group* I t 'w i l l  he shown 
th a t  when c e r ta in  re a c tio n s  a r e ' c a r r ie d  out' In  th e  presence 
- o f .a : t e r t i a r y  b ase , t h i s ■ divergence from th e  behaviour of 
purely, a l ip h a t ic  compounds d isap p ea rs , owing to  th e  presence in
• an intermediate complex of a group whose electron attracting  
properties are greater than those of the phenyl' group*
■ ' In  ' view of • this anomalous behaviour of compounds contain* 
Ing a phenyl group attached to the asymmetric carbon atom, 
a series of reactions- were carried out,'sim ilar to those with 
!("*)•£♦octyl • dlwp^toluenesulphimte,  but with the p-tolmem** 
sulphinle' ester of !■*(*■*}•phenylmethyloarblnol* ' {IIoussU' 
and.Phillips$'?*$ 1932,'1332)*
■ I t  was hoped that the resu lts ' of these experiments might
• serve to  determine the re la tive  configurations • of II*-) •phenyl*
m cihylearb inel and i t s .X&evorob&tcry ch lo rid e  as had been
accomplished w ith  l(~)*j&*oot&a0!U A c tu a lly ,. the  'experiments 
wore d isappo in ting  raid no deduct ions .m  .to  co n figu ra tion , •.. 
coaid  bo made*
As f a r  as could .be gathered from  those  re a c tio n s ,. th ey  
proceeded In  much th© smm way as w ith  Xt—)*^*ootsnol, bu t 
m  has been observed by IfoKextti* and h is  co*wor!cers In  
numerous o ther displacem ent re ac tio n s  .of compounds con ta in ing  
m  oc^phmyl $?mp$ moh. raeetnls&iion occurred and th e  
products war# almost inactive#
X («*») •Phenylisethyloarbinyl .d l*p* to Iuenesu lph im ta* 
prepared-by the  method of Kenyon and F h l l l ip a , ( I# ,  1950, 
*1676),"may bo assumed to  have the same co n fig u ra tio n  as 
th e  ca rb ln o l' from .which i t . was p repared , fo r  th e ' same • 
reasons th a t  were put forward in  the  ease  o f . the  p -o c ty l 
este r#  tfn llke t h e ' p* o c ty l; e s t e r , i t : decomposes when 
hea ted  and cannot be d i s t i l l e d ,  even a t  pressure# of th #  
order of 0*1 mm*. Owing to  the isomer is  a t ion af the  . 
s u lp h id e  e s te r  to  form o p tic a lly  in a c tiv e  p~idyl^*~ph#nyl* 
othyXsuli&one, (Kenyon and P h i l l lp a ,  lo c # e i t »).» i t  had to  
b# used as soon .as possib le  a f t e r  i t s  p re p a ra tio n , and th e  
only p u r i f ic a tio n  employed.was to  g en tly  hea t i t  a t  a 
p ressu re  of le s s  than 0*1 mm* fo r a sh o rt period  in  .order 
to  remove tra c e s  of uncomblned ear b in d #
the euljphtnste did mot react smoothly with aquaeae 
solutions of ©hlopino^ hf€«EaiRO m  h f p m X i t m m n  no li*  m  - 
wm the eta© with.the p*oefcyl eoter* ’ ■ Possibly'the l(^)*phe»yl* 
methylc&fbinyl d|*p»tolueneiiiii|liimte.' urns partia lly  oxidised 
t §  the  tsB^tdhio 'milphon&te# <haly Wr email proportion was 
converted into the corresponding halide according to the 
equation**-. ■
The pure c h lo rid e  and hrossii&e obtained ■ l a  th is  mxmrn* 
were s l ig h t ly  de&tr ©rot atory* ' l a  both  oases* the  uasaturafced 
hydrocarbon phenyiotbylen© was found am ount the products of 
th e  reaction#  th e n  an afueouil solufcion of liypochlormi$ 
m id  re a c te d  w ith th e  suisfoinio. e a ta r r  although q u it#  a 
considerab le  y ie id  of p^toiuenoauiphohyi' ch lo rid e  separated* 
no phenyim athylcarblnol could be is o la te d  from the  re a c tio n  
mixture* The only p roducti which, could be. 'is o la te d  from 
th is  re a c t io n  wore • m) i&enylethyien© and b) a a* a l l  
q u a n tity  of <x:«»chiorocthylbcnacne w ith  a sm all d ex tro ro ta tion#  
The amount of th e  former was about three tim es th a t  of th e  
.la tte r#  ..
The re a c tio n  between a specimen of tha in a c tiv e
*h 11-0*1 : ■• * X, ft}* .C?Hy
t f di#
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sulphlmt# sM. iodine mencchlerid# yielded p-toluemeaulphomyl 
iodide end* -chloroetiylbensem©* fills  result was‘perhaps to
he expected from. the  hypothesis put forward w ith regard  to  th e  
iioohtBlsa ©f th e se 'sm h s titu tio u  re ae tio n s  f and .the w ell 
kaoem fa e t  th a t  ch lo rin e  is  more s tro n g ly  ©lee t r  one gat ive  
th an  Iodine* ,
■ Since# how tw r# .ilaeB flm ethylosrbinoi was not produced.' 
by the a c tio n  of hypochlerous mold o n 'th e  eu lph in ic  es te r*  ■ 
i t  i s  not p a ss ib le  from th is  re a c tio n  to- ob ta in  ewi&enee 
th a t  th e  change in  s ig n  o f ro ta tio n , observed when the  
h a lid e s  a re  produced i s  caused by th e  occurrence of m  
'inversion*
- fh #  considerab le  lo s s  o f ro ta to ry  power which occurs 
when tho t#  h a lid e s  a re  formed Can bo co n tra s ted  w ith th e  
sub H e r  lo ss  which occurred whan'p^ohloro^octano was 
obtained  in  & s im ila r  manner from iW -p ^ o o ty l  ti» p * t# iu en esu l*  
phinate*
th e  pronounced yscem iaatlen. m j  be da# to  th e  form ation 
of earbonlum kattions on the  decom position of an -in term ed ia te
complex* I f  th e se  earbonium lea t  ions a re  mot a ttended  
c lo se ly  by ch lo rin e  on ionst they  {the . k a t io n s} w i l l  produce 
an equ ilib rium  M atu re  of &* and jl» forms end subsequent 
union w ith ch lo rin e  anions w il l  r e s u l t  In am in a c tiv e  product* 
Thus* during th e  isem erisa tio n  of 1 ( *phenylma th y lea rb in y l
oluene&nlpfrla&fc# to
It is  supposed that it earboninm 2mtion' separates which i t  
.unattended by anions* .fhe . moemlaatXon o f . the  cartantum  
taatiossa #' followed by nnlm  with the sulphur atom produces 
inactive sniphsna# ■
■ .W hilst I t-O -p -o o ty l dl*»p*teMen-esmlphlmte m y  be 
supposed-to passes# & d ipolo  t a t  to  the e le c tro n  a t t r a c t in g  
p ro p e rtie s  of th e  p^toin& m m lphin^ixy  group*. whm  th e  e le c tro n  
a ttr a c tin g  phenyl group m p tm m  th e  n * h m y lgroup the- 
molecule should possess another d ipo le  o rien ted  w ith  i t s  
negative  ond towards the a,s^r#i0t r i o  carbon atom#-'
H Cl* H Cl
; \  _ l±-£  ♦ ’ . V " '  *..'
0^ 11^
t rf*■ ■ ' ' i "■.. if*
"mm ' ■ ' CHjg -mm- 'Oil®
Cl  . ■ 01
.■ She T a rn a tio n 'o f  a ch lo rid e  of low d e x tro ro ta tio n  seems 
■to it jd io a to - th a t .po ssib ly  o. oarbonltm  feation i s  formed* t a t  
th a t; th e  m t  d ipolo  moment of the m olecule i s  not s u f f ic ie n t ly  
S trong to  a t t r a c t  th e  ch lo rin e  m i  cm  in to  a fawotxrahle 
p o s it io n  on .the  s ide  of th e  asymmetric, carbon atom opposite  
to  th e  die placed group* :
• That a t yre m  { f h e n y l t th y l w } occurs' la rg e ly  among th e  
react ion product# is  m  in d ic a tio n  th a t  a ©arbcnlum ion is  1 
involved* s in ce  a mrbordnm k a i im  by lo s s  of a p ro ton  to
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fora hydrogen- chloride with ®, chlorine utdm- tm v m  atyrene*
■ C*H*
0  g*H* C«B« S.H,
M-fl -3- 65  ► • + 6;h  ——>• C!H
& s *CH»; : ’‘S i*
<#■ «**■
* II 01 ■ "SiyX*©»a
d ) "... ffh© fteaotlo^q of. It*»)»lfeemylmethYleifMigl 
' ■p^Tdl'ttanoattiicfeomte#
■ An in te ro s t in g  B®tlm o f W alden'Inversion tmntlm®,
•y
have beast c a r r ie d  oat w ith  Jt(^)^|)has»7 liaothjioa**bli37X 
,'p*t olaenosmlphon&ie 'by Kenyon* B iiiX Ip0 ^nd fay lo r*
{y# |  1SS& t in  p r®m} • D if f ic m li i t s ' were m p e r fenced i n
th e  propagation  of the  on top m l  ©wing to  i t s '  g re a t ' ■ ■■'■ 
r e a c t iv i ty * / ie o la t lo n  of tit© p 1# o s to r wna mot possible* 
The re ac tio n s  detem iboi by t!1000 aufchora wtme acoonplishod'- 
by tit ing  the • am lphinia © atar ' i n  ■ th e . precono©. of the- reagen t 
w it It wliieh Wm M l  phom to p ro ti^o d  wouM reac t#  fit© ■ 
e&perimental ro tm lia  way bo iiX ustyatod .by  th e  follow ing 
aehem ei■ . .
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'' Sine© ' the _ p*t olueneauli&onet© ©ml p-toluanesulphimat© 
are produced from X{ -*)~ph©nylmfchyXearbinol by reaeti©ma 
whieh are unlikely to  produce disturbance of the bom is of- 
the asymmetric; carbon atom# i t  is  eeaumed' that these esters 
'have the 'same configuration M the I^ledhel*, ' Similarly* 
the ea te rif lea tien ' o fth e  X**aleah©X with aoetls ahhydride# 
t r i  the formation of the e ty l ether by the action of ethyl 
bromide on the potassie derivative of the i*aleohoX are 
rotations unlikely to  be attended by configur&tlvo change*
I t ; follows * therefor© * that la m  or ©tat or y phexsylwethylcer binyl 
acetate.end leevorotatery oc^pheyldiethyl.ether have the same 
configuration m  the j>aX0 cfool# the production of a 
dextrorotatory acetate and a dextrorotatory ethyl other from 
the J>*uiphenate by interact ion with acetic acid and with 
ethyl alcohol respectively lead to the conclusion that each 
©f these reset ions is attended by a Walden inversion*
Further# m  interaction with lithium chloride in acetic 
anhydride' solution#-the l^aulphonata yields a dextrorotatory 
chloride# this reaction is essentially similar in 
character to the reaction between the JLniulphonaie and 
acetic acid sine# in both reactions ths p-t©luenesnlphonoxy 
ion la -replaced by unions (acetate and chloride)* Since 
i t  is known that replacement of the sestets- ion proceeds 
with inversion# it  Is likely that a similar replacement .by 
the chlorine anion also proceeds with inversion* ■ This ■ 
assumption is supported by the fact that n  dextrorotatory 
chloride is obtained by the interaction of the i~sulpfoinate*«w* *
with chlorine (Houssa and Phillips# J*# 1 9 3 0 # 1 0 3 2 )* a type 
of reaction during which it  is  supposed that'inversion 
occurs# (Houses* Henyon and Phillips# d** 1 9 2 9 * 1 7 0 0 )* ,
It is concluded* therefore* that the conversion of 
l f - 5*phenylmethylear blhol to dextrorotatory **chl0r©»ethyl* 
ben&ene is attended by oonfigurstive change* from vhieh. i t
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f  oil own that % { - * » ) hm thg mm® con* 
figas»atl<m an i t s  iaavorcftatopy eh lcrii#*  ■■ ■ • ■■
$*. ’ fHs ■coiiversxoi m  am  l ^ ^ ^ s S ! S S S S S S k ,
CAHBiTOEy tmxmc^ n *mm xmo fiiK -
' ' i>sx:i,acROTA!PCRy a:wb ..ugyflRgpArot mzmiim ,
a) fhe i Deo amp oe It $ on,. i of, 1 («») «»|3 »0et yj Chloi* of ormat a#
■" f h t  fchtorofosraaiteft of o p tic a l ly  a c tiv e  
provide ©minently s a l t a b l$ eo&pounda fo r  in r te i ig r t lo t is  ■ on ■ 
th e  Walden inversion* ■ ■ ■ f ta s *  they -cs»a g en e ra lly  be p re p a id #  
w ithout leas. of ro ta to ry  power* by th e  in te r  a c tio n  of hydroaty* 
compounds with carbonyl ch lo rid e  in  th e  presence of a 
te r tia ry  base*' ■
■'■•- l(-*)-/Woetyl chloroformate is a rela tively  stable . 
compound which can readily be prepared , {Hunter* 0#*. 1924*
1251 1591) by the general mattiod* and from i ts  method of 
preparatlo% i t  can be assumed to  pose©sat the. tame ©onfigurstio» 
me the parent p*oetft»ol* s lm t the bonds of-the asymmetric 
carbon atom remain undisturbed# ;
C6HX* ' ' - Cl, ■ ' Csl 4 t .
■I ■' I -I
■ • fMMJH '' * 0«O ------- 5- B*C~0«*0»CX + 1101
I ■ -- ' I ■ : I a : ■■
; ch* , ' ex ■ cl®
then heated  ©lone - for soma hoars a t  I30®0* lt«~)~£*eetyi 
Ohloroformate deoompos ©s # evolving.carbon' dioxide* and there
Xs formed a I t t f d r d t t t o r x  )3«e!ilor©^aottoe w ith some lo s t  o f 
ro ta to ry  fewer* (Harass a and Bii lXXps# ■  1932# 103}# 
f l i is  r e a c t io n ’ i s  un ifu#  in  tha t I t  rep resen ts  the  only 
example of th e  p rep ara tio n  of a halogen compound# from  a 
pure ly  a l ig h a tic  hydrc^y^oasnf0mndtf- w ithout in v e rs io n  of - 
c o rf im ro tio n *  ■ I t  i s ' suggested th a t  no in v ers io n  of 
co n fig u ra tio n  has. .occurred# ginoo from n co n sid e ra tio n  of 
th e  r e la t io n s  of the p~toluenesnlphinio  and p»t©InenesuXphenio 
t s t e r s  of X(*~)*/3~cetarial i t  would appear th a t  l(~ )*£~oetan© l. 
has th e  same corsflgorotion. as X (-*} H3 ~ehlor o** octane *
"' In  !{*4*p*0etyX ch lo ro f orrnat## th e  ch lo rin e  atom which 
ev en tua lly  forms ^ e h lo ro ^ o c tan e  i s  eo*valen tly  United* - 
When th e  e s te r  decomposes on heating# two courses a re  possible#
■ ■ ' c«a**-. ■
■ ■ . ' -. ■ ■ f ■' - ■ . - * - ■
; GeH*,* I?~0~ ■ ♦ ■ ■ :C0a * ■ 01
I := C— | ■ .
H-C*0*C-C1 CH*
:: f , 6
; cat  e#% # ■
■ - b . . I «$* ^
h*-0 4 ■. ' ;  m® 4- 01
CHf ■
• The le s s  of a n e u tra l molecule of carbon d i v id e  r e s u l t s  
in  the form ation of e i th e r  I*-
a) a'carbonium  anion in  which the asymmetrio : '
carbon atom has re ta in e d  the two electrons 
of the earbon»cesyg©a linkage# and .has a.
e x p ia te d  o c te t ©f electrons# Tm 
eM crim i on i s thus l i f t  two electrons' 
short of  m completed octet.' and has therefore 
m .positive charge*
m fcj e oerbccalusi to t  io n  with e p o sitiv e  charge
and & chlorine anion with a completed octet -  
.of e'iecta?-ons#
. ' .According to the hypothesis' put forward,{Kenyon tad 
Ihiilips# grsm# 'Fera.aey Soa«# 1930* |4* 451) # en 
asymmetric cert on "etc®* in me anionic sta te  con form the 
cants?# of a stable radical capable of retaining its  configure* 
tion. unchanged# . Moreover# such an anion ia able to  combine 
w ith a'lection* #:fg* th e  chlorine lost Ion# giving r ise  to  a 
molecule w ith th e  am# configuration*
fhua i t  i s  extrem al7  l ik e ly  that th e  mods'.of decomposition 
of ll**)*p*eebyi ohlopofcrm to on h ea tin g  follow s th e  path  as 
indicated usider {a)#. ■
I t  is interesting to-compare the decomposition of 
1(—)«/*#©otyl chloroformate with that of the corresponding 
chloresulphlnic ester# fhla msj b© supposed to be present 
as an intermediate stag# during the interaction of 
!{*>)^»#ctanol and th ion jl chloride# th is  ehlorosulphlnio 
eater decomposes yielding &( *} *£*ehlor o*octsme with ini?era ion
S3*
of «on£igui*&tiG&§ ■ Chofena iM  HikaiM*- *T* BlaX* Ohem#* 1924* 
69* 45). /
fhe positive ’ character of theck lororalpM nyl group, 
la  apparently su ffic ien t to  overcome th e . influence of the 
ftlfeyl grmpft attacked to  .the asymmetric carbon atom* and 
when decomposition occurs th# bending electrons of the 
carbott^otygen bond leave the carbon atom as . shown in. fteheme 
above, : ..Then*. provided th a t the entering' ehXcr#*group is  
made .available before the  &ft?b0n»$cyge& lin k  i i  broken* the 
asymmetric.carbon atom becomes? the centre of a kutioa and 
a dextrorotatory. j&^ht©ro*ocfcft»ft is  farmed with inversion* 
Xn the Case of K —J-^ o c ty l eh 1 or of orrna t  a * tb  a l m $  
positive  ohloroformaxy group' separates leaving the banding 
e lee trem  with the tsy m e trio  oar bon atom#.. - fh le  thereby. • 
becomes the centre of e earbonium onion and a chloride is  
fowed, without inversion* ’
C#H*e
b »g ■
-■ ! 
CHa
SO* ♦ 01
aiis
C«Hi*
I- +
C«Ht #
■ fh# .character. of th e  chlorofom oxy g ro ap .ls  such.-, th a t; 
i f  a d ipo le  e x is ts  in  the  molecule i t  -may .fee. as aumed th a t  I t  
i s  o rd e re d  with i t s  negative end toward, th e  mfmm&ti®  ■. 
carbon atom# I f  the  e le c tro n  re ta in in g  c a p ac ity  of .the 
asyssaotric carbon, atom be increased  by th e  presence of a 
phenyl group' in  p ls m  o f a  fcsxyl group* then  opposition  
bo th  in  the  -ca so of the eifiorosulphin& t e* (Kenyon*. B i l l  l ip s  
and fay lo r*  tf#* :1S3X* 382)*- and the  chloroforiaftte {Houssa . .
and f h i l l ip e *  .£♦ *1932* 1232) r e s u l ts  i n  th e  form ation  of a  . 
c h ls r id e  w ith < ^ t/in v e rs io n  .of confignr a t ion*
Whilst in the absence of & te r tia ry  has# (pyridine or 
quinoline) l(^ )*^oc ty l ehlorofcrmabt decomposes on heating 
yielding a laevorotatery £^hldr©*oetana# when i t  decomposes, 
in  the presence of pyridine m dextrorotatory £«*chlore*oetam  
is produced in good yield * and the rotatory power of .the 
product suggests that the reaction i t  not attended by any 
renounced raeemts&tion (Heutem and Phillips * y#i 1929 * 2510)* 
fhta reverts! of sign* when the reaction la carried out in  
the presence of a te r tia ry  base* hag been observed in  a 
number of other ease© and is found to  hold good eves when a 
phenyl group la attached to the asymmetric carbon atom# For 
■example* X(«~) ^ phenyXs/mthyl carbinol yields la ever ct at cry 
(x*<hiorc*efchylbt«aene with thi.onyl chloride*, whilst in  the 
presence #f pyrid ine  a dextrorotatory chloride i s  obtained*
In  w ith  many of the o th e r  reactions- described
to, thist th e s is * to #  :decomposition of %'{*>*)
eb lo refoC T ttf to  the..pvm%m® of pyri&tne may be regarded a®, 
passing through a stag# to  which there. exists momenta?ily. 
t e  intermediate complex p r e ss in g ' eertfcln definite . 
chspaet er istlot# ; : fixes e are too -markedly p@sttiva chayeetcr
of the group shout*.  ^to leave toe complex arid presence of.too  
atom or group-toout^ to unite filth the agyxamotrlo carbon atom 
as an anion#
;■ I* n- #
, 01 I - 0
' c h *  ' ; ;
.. With. X(-*)*p •octyl chloroformi # * to# chlorine atom 
originally covalently linked becomes available a® an auto% 
its  place being taken to  the intermediate phase b y  to# 
eloo toon«*a 11 rac t  ing pyridine molecule* ' fh© m% result may 
b# represented by a dipole to  the molecule with the positive  
end directed toward® to t carbon atom# On decomposition of 
toe complex, ® carbonlum festion. separates, and combine® 
with the chlorine anion already attracted by to# influence 
of th e . dipole moment of the molecule to a favourable position  
for the formation of a /5^hXero«*eobahe with inversion of • ■
cemfilpapiitien# ' fh is  view of the ©teltnisn ■ of the reaction 
receiver considerable support from the experimental facie* 
fha uee of pyridine .introduces a'uniformity into the results# 
slato  i t  ensure® too reparation of to t entering ohioro^grcuj* 
m  an anion* Moreover.it the at Pong electron attracting 
qualities of the pyridinium group is  apparently ruffle lent 
to  m^mom  tlx# attracting  properties of even to# phenyl' ' 
group# so that- in all- &mm where pyridine forma a pyi*ldlnium 
complex* to# molecule possesses m iipoX# with the. positive 
end directed towards the a symmetric carbon atom* ■ - th is 
eonf.it ion results to  the entering anion being attracted  to 
a favourable position, for the. formation of & chloride with 
inversion of configuration#. XI follow® from these views 
that toe chiorofermates of a l l  alcohols* whether containing \ 
phenyl groups m m t $ should..be found to  decompose with... 
in v ers io n  to  toe presence, of pyridine* . th is  has been found 
to be to t ease# e*g* with ethyl l^.^^ehloro^formoxymaMelate# 
(l^nyon# VLpeoMb and Xhlllipa*' ?* * ££?$)* I f to ^ e n y to
m thyloarb iny lch loroform ate#  (Hoags* and P h illip s#  £ * , .3&S2* 
1333)# ethyl ^^hioro^f ormoxypropi one to , (derrard# unpublished)* 
and d^#butylchldroformat#* (Shtoktoten# unpublished)#
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. I n t h e  case of if^l^iii^nyteothyXO^^'feinoli■ th e  
cblcroformat® i t s  e l f  wad not i s o la te d ,  s i  m e I t  i s  s ie  h  le s s  
s ta b le  than th e  o ther com oa eh lorefferm tee and therefo r^ ' 
d i f f i c u l t  t o  i s o la te  f re e  ■ fro m -^ ^ h io ro tth f lh o m e n it . .
v  By th e  s e t  io n  of earbeny1 ch lo rid e  on K*^) *phenylmeihyl* 
ea rb in o l in  the  presence of qu ino line  (3*0 moist*}* a 
d e x tro ro ta to ry  <x~ohX oroethylbenaone was obtained* whereto in  
th e  presence of e i th e r  pottsiim m  carbonate or q u ino line  
{1*23 m ola#)| th e  ch lo rid e  obtained mm la e r  ©rotatory* In
the p re sen ce 'o f oscoeaa qu ino line  '(§ meis#) th e  c h lo r id e ' 
probably a r i s t a  by' the  decomposition of an a d d itio n  eounennd ~ 
between the  chicja? of o rnate  and the qu inoline* s im ila r  t o  those
indicated above* . When only mm .moleeuXar proportion of 
quinoline woo:used* i t  was ooaverted into quinoline 
hydrochloride by the hydrogen ohieri&e liberated during the 
reaction* ' 'thus no quinoline was etnilable for .the 
formation of th e  p o stu lftttd  a d d itio a  eompouBd con tain ing  
th e  preponderantly  p o s itiv e  .group* Under these co n d itio n s» 
th e  e s te r  undergoes I t s  usual type of decomposition* during 
which the o p tio e lly  ac tiv e  ra d ic a l assumes the ta io h ie  state* 
which leads to  the  product l e a  of the  ch lo rid e  w ithout 
In te r  s i  on*
fhus * whenever the positlt#  oh^raster of the Phenyl 
group is the preponderating feature Of the  tmXfcnlc* 
decomposition, results in the formation of fc oerboniua ftaioa* 
.which retaim  Its- configuration* yielding a product without 
configurational .change*
. ■ fh ia  is  observed w ith the  eh iorosu lph inn te  (Kenyon* 
B s ill in s  and Baylor* lac* - a lt* )*  th e ' sh ie r  ©format e* (Hm ssa 
end P h illip s*  lo o * p i t ») * of j^C^J^phehyteethylOferbintil aid. w ith  
e th y l t^m n d eX flP h lQ m m lp h im te^  {IcXetille and Barrow* *T«,
1911 * 99 * 1910) *' and e th y l i*«*ehlorofcrm«ss:yphenylaoetat# * 
,(&enyon* tlpsoomb and .fh lllip s*  <T** 1930* 41$ f 1931* 997$)*
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Thle& eetate itid Sodium olueneenlphln&te<
I t  has been shorm th a t  oBIor of oriiiia „e-6te re  re a c t  w ith 
a lk a l i  s a l tu  ^ f 'c w b o sy lio  acid# bo f i e ld  eiyebcscsfXie eetare*  
( Otto' aM Otto^ ' B e r^ ' iaaa^ g l*  lS id | 80*803,  ibM **. 1000* 
42■» 253?)$ w ith sodium p^ tQ luenesu lph ln ste 'to  f i e ld  
p**teluenesulphlnie acterst* {Otto and 80a lag* Bar** X8SS* 18a 
8S04)f and w ith  t e r t i a r y  b a i ts  to  f i e l d  h a lid e s  .* (F ry ,
'he E lec tro n ic  Coneeption  of Vsiectta, * 1021, p. 65}*fit?«*, .X A
60«'
hm  been found to  re a c t 1st 
th e ' general m m ier* y ie ld in g  with potms&viM bens©ate and ; 
a c e ta te  almost o p tic a lly  mr® beti&eate t i i  ■
a c e ta te  r e s p e c t iv e ly /w ith  potassium  thtm e& tate  yielding 
li^+p+QGtjt ace ta te*  w h ils t with' sodium p*toIueneauipM m t a 
th e re  I s  every ln d ic a t l  on th a t  1 («*»)*P *oety l d l* p -t oiuouo*- 
s u lp h ln a te 'is  produced* f h lu  l a s t . e a t e r  was not is o la te d  
in  $ ■ s ta te  of■purity# hut the impure e s t e r , whan hydrolysed 
y ie lded  l(~)*/>*octa&el#--'
■ When-the re ac tio n s  were vcoM uotei i s  e th y l a lco h o lic  
solution Coxoapt with potassium thioacetate)* tho products 
consisted of and the ethyl ester corresponding
to  the s u i t  used*
la  every ease the products obtained £rom'l{T)4/Voatyl • 
chloroform&te were .Xaevorofcatstfy and aim s the Xaevoretatory 
acetate* bangeat** p**i olneneaulphltt&t c and ehlerefcrsnate 
of l{—5^.«octsnol a l l  have the tamo configuration aa 
If**)* * 0 0  tarn el* i t  is apparent that in no ease has an 
Invention of oonf'tgurafelon occurred* ‘That i t  to- sty* ■ 
acoording to the hypothesis put forward* the reactions.-"may 
occur by a.mechanism during which the optically active group 
becomes anionic* But when the reset!one are examined 
closely i t  w ill be seen that the retention of the configuration 
of the optically, active' group eamet be due to  i ts  becoming
ftnlonlQ'i but that the bonds. ©f the asymmetric carbon a tm  . .. 
remain und istu rbed  and th a t  th e  asymmetric. earbon atom* - 
in a d d itio n  to- re ta in in g  the  two e lec tro n s  of the  carbon* 
oecygon'linkage# re ta in s  the incygea atom as well* Shat th ia  
must be so , ean be deduced from th e  r e s u l ts -o f  the re a c t Iona 
of th e  ehior ©formate w ith both potassium- th lo a e e ta te  aril 
sodium p*»t©Xuenesulphlna te * fhe. r e s u l ts  obtained are-la  
agreement w ith  the  assumption t h a t ,  as a t r a n s ie n t  in te rm ed ia te  
s tag e  in  th e  reaction# ' a. mixed anhydride is  produced# fo r  
example*, w ith  potassium  th io a o e ta te i
fhe production  of l{"~}^»oebyX a c e ta te  (and not of 
th le& ceta te ) in  t h i s  re a c tio n  may be taken as evidence th a t  
th e  decomposition ©f the  in term ed iate  eomplex proceeds as in  
I  and not as in  II.*
fhe tra n s ie n t  ex istence  of such mixed anhydrides as 
an In term ed ia te  s tag e  in  the  re a c t ion* seems lik e ly #  's ince  
th e  I s o la t io n  of s im ila r  anhydrides hm  been re p o rte d , ■ 
(Dtftiipf* 11726?t F r i td l ln d e r* " fo r ts o h r i t te *  VI, 14S)«
fhe-behaviour of potassium  a c e ta te  (o r benzoate) w ith  -
11-C <«**■ Q**f~ S <***■■3 4* 0
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Xf-O-^oetyl ehloroformate m y  fee regarded ae-eleeeiy similar 
to the behaviour of the thioaeeiate-owihg to" the simil&r* 
nature p t  'the two salts* On these grounds the production 
of l(-)^ (6 «.0 ctyl acetate {m benao&te) from potassium acetate 
for benaeate) and the chlcreformXo ester © | t s  represented 
Pf the a&ehaniam Indicated feeiewf*. ;
Ce^ia ■ -
I ■=.;.■■.■■ - KO<|C.C*fi« ■ ■: ■ f .
'A dditional; evidence in  support of th es@: in terpretat ions ■ 
m y  fee obtained from th e  re su lts :o f th e  .int.eraotlon o f ; \- 
*l(^)*p*a8tyl ehloroformate with sodium p~teluemesuXph Inate* 
u :. With sodium p«*t©lu enesulphlnate t l k f l  h a lid e s  form '' 
alk y l p^tolyl mlphonm' according- to  the equation*.
p. f - O ' ! ^  . K0X
f  d  ■: ■ “
B** 0 ■***►0 •* d «* C$B $ 
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R.Sl + C,H7-S -0 .te  * Be 01 - + C*H7-S-©*
Here, I t  would appear that th® alkyl group R has two 
alternative points of attachment, v is .,  the vacant pain of
electrons of the oxygen atoms ©r the Ion# pair of the sulphur 
mtem# ■ ., fhe formation of $nlphem indicates that of the 
alternatives which thM p*t®Xnmmuiphihmj -tm  presents, 
the alkyl group selects the sulphur electrons# ■ Btme* 
during the .Interaction of an alkyl ©hi ©reformat© with 
a odium, p*t oluene&u lphlna t 0 * mo suXphone is pr oduc ed* hut . 
SuXphinie ester* i t  f e l l  owe that no choice must he available 
to  - the alkyl group* I t  is suggested that th is behaviour 
..of the alkyl group i t  due to the feet that I t  remains 
attached to an oxygen atom throughout the reaction* The ■- 
mechanism of the inter to t 101a between on alkyl chi or of or mat© 
and sodium p^tolueaesttlphinate m f  be represented as follows* 
fh e ‘In itia l stage resu lts in theelimination of sodium chloride 
"and the formation of a transient intermediate complex which 
decomposes with evolution of carbon dioxide ms indicated in  
{11). and not es in. IlIX)* in order to  account for the 
absence of ’anlphone format ion*
fh u s , i f  B be the  -o c ty l rad ica l,:; i t  does not
suffer configurational change during the i reaction*'and th e  
l(~")*p»0Gtyl dl»p«>tolueneanlphlmte formed has th e  masse
;o 1
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.configuration, am th e  % { * * » } i mm  which the 
a id  or ©formate w m  prepared*--'
4* tHS HALOGKttf lOB OF: lC->)*fi#OCTA»Q& ABO 1 ( - Q - PHENYL- ;
SagBYLCABBlKOt, WlfK TfS'tOSTIi CHI.OHXDB, ATO THE OfbOHIDBS
AWD OKYCHliCRIDB 0? Ma8’WT<vW3 I f  "TIB EBESgSCB AT5> 1H 
" ABSENCE Of? TBS'mHY BASES:.
There is complete m tfortaity In the, resu lts  obtained 
Is  the replacement of hydroxyl fey chlorine fey aeana of 
phsaphcrus pentMhierid© find axyehlorlfiof with secondary 
alcohols, ^-hydroxy-acids ar esters, tha chloride always 
arises with inversion of configuration, In these reactions 
the entering group can be considered to  pre-exist in  an 
intermediate phase m  an anion.
C « E i,  CB« ■ C ,H ,
I +,ci ! +,ci t * a
_  H-C-O-P-Cl ll-C-O-f-Cl _  E-C-O-f-Gl
Cl I SC1 Cl I s Sl Cl f S01
CH*
.Houssa a i i ' P h illip  a , ■' • W&lkfF» ' . ’ E^^'O H jPM lilps iM
W?2 , m  . ' ; J*, 1895,£1*918 . : Taylor, 1
'■ f ■■..♦,01 '
1~0~0*?~©1 llcE tnsie and' Clough, 
01 ' ' f SC1 - ■ ■-. J o tpt0#wi#a5e4
, C0»Bt
:Thaaariea of reactiom . harala described were eonanead  
as i t  appear ad from tha  lita r a tu r t  that th© sign of the 
potation  of th e  j5«*jtoloro*oetane obtained hy th e  a c tio n  of the  
chloride© ■ mud oxyehloride, .of |&©ajfo©raa on l(~)*j3*eatanel had
mot h i th e r to  been recorded# ■ toFeofeF* the  ©©Flea includes 
experiments in  the presence of pyrid ine  ©nd of z l m  ch lo rid e  
w ith.a view to  ascertainimg the  in fluence  of these  substances 
on th e  sign. and magnitude of r e t  a t ion and a lso  the y ie ld  
of th© f> •chlore^efttanee obtained* The r e s u l t s  show th a t 
w ith  a l l  three c h lo rin a tin g  agents* a d e x tro ro ta to ry  p ♦ehlore* 
o c tan t i s  obtained* in  greater y ie ld  but w ith  a lower ro ta to ry  
power 1b Idle presence of i in s  ch lo rid e  than  in  i t s  absence*
The ro ta to ry  power -of th e  p *ch lcro*octsn t was the  h i p e s t  
when the t r ic h lo r id e  was used and lowest w ith th e  e&ychlorlde* 
Unlike" l(**)«>phonylmothylearblnoi# l(^)*p*©etamoI on 
h a lo g em tio n  w ith the  ch lo rid es  and o9cy*ehlorlda of 
phosphorus In  th e  presence o f py rid ine  y ie lded  d e x tro ro ta to ry  
p-ohloro^ostane- in  alm ost inappreciab le  q u an titie s*  ' Under 
the  cond itions of th e  experiments* the  main pro-dusts* 
is o la te d  a f te r  treatm ent w ith water*.were m ixtures of th e  
p « m t f l  e s te r s  of the cxy^&olds of phosphorus* Only in  ■ 
on© ease* ■ however * v i s * .* w ith th e  tr ic h lo r id e *  was a pure 
product obtained* namely* dl*/3*oetyl hydrogen phosphite 
whleh was laevoro ta tery#  ■
According to  Boyd and'&adhama ' {y#* 1928, 21$)* ' 
phosphorus oxychloridc■ In  -association with' pyridine* may 
serve* c ither, for the. .introduction of the ..phosj&at© rad ica l 
into- a hydroxy^eospoumI* or- fo r the exchange of hydroxyl for
67*
ch lorine*  according to  ttm  experim ental conditions*- 
These author a have iso la ted  m oorapoaM'ef pyri&lao 
jpfodopiharos ■ coeychloridot ' and f in d  i t  d i f f i c u l t . to  suppose 
th e t  th e  fu n c tio n  of the pyrld ih#  Is  m erely to  f i x  the  
hydrogen ch lo rid e  formed in  th e  reaction*  They h«v« is o la te d  
jflaosphorla e s te rs  of &l*»p~i olyl^oxy^is opr opy l. o arb lno l ■ and 
th ey  propose the  f o i l  owing mechanism f o r  the  reac tio n *
.0 omplex I  in almost id e n tic a l  w ith th a t  | r  opos ed ( I I I )  
by Kenyan, B i i l l ip s  and f s y lo r  (jtfp»e i t »). t o , a m ounfc- for' ■ 
th e  production  of d{^)*^«cliloro^ethyXbensene from l(~)*phenyl~ 
m othyloerbinol by  phosphorus oxyohloride In  the" presence of 
p y rld im *  ^
CiD yo.oK :o.>6{©h)*
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■ fh e  ^porim onts w ith  were
carried out in  the pres one# of on®' molecular proportion of
pyridine only* and the fOMatioa of ester.is unlikely to ’ jlil
occur s in ce  th i s  re q u ired  an o f pyridine* s When •' ■■•. jf
complex I I I  decomposes i t  gives r i s e  to  a oarboniuiti k a tlo h  7
whieli forms * d ex tro ro tc t cry ch lo rid e  w ith  Inver c io n  of . 7
■ s t
Conflipjr&tlcn according to  th e  hypoth m m  of Kenyon end B hillips*  jlj
H;-j
■ ■ th e  present s e r ie s  o f experiment a w ith  !(***) ■ ,||
were carried out using two m olecular proportions of pyrid ine  . "j
t o  ono each of th e  a lcoho l and of th e  halogenatlng  ©gent* ill
11'
The formation o£'p«*cetyX dlhydrcgen phosphate' {©long with soma '■ | i
&i*f *ectyl hydrogen phosphate) by the interaction of 1{—)*p*oetan*
o l and phosphorus exyohleri&e i n  th e  presence o f py rid in e  : ; ’
suggests th a t  th is  re a c tio n  procteds along th e  lin o s  put ' i|
forward by Boyd and ladhaias { le e * c it* )*
.? 7  '/.■
The. presence of $ im  ch lo rid e  seem  [to d e f in i te ly y  . fj
in flu en ce  th e  ©ours©- of the  re a c tio n  between l(^ )e^ * o c ta n c l ■ • 1/1
and th e  o ti le r l ie s  and ex.ychX.orid© of '.phosj&oras* s in c e  I n  . jl[
each ease th e  p«*chiero*octanea wore obtained In  g re a te r  y ie ld  ’ [
but. w ith lower ro ta to ry  power in  th e  presence o f-n ine ’ j[|
c h lo rid e  then In  its- absence* . / This rmy he duo to  the g re a te r  i:J
' co n cen tra tio n  of ch lo rin e  ions when nine c h lo rid e  i s  p resent*  7)1
hu t t  he-low r o t  a t  cry  power of the p ~ehl or o-octanes obtained* i r
shews th a t  .the  a d d itio n a l anions ©arnefe. have 'hmn in a |l|
|lj
favo rab le  p o s itio n  f a r 'a n  in v ers io n  re a c tio n  to  occur# hj
■ K eaetiem  which occur.w ith  In v e rs io n  I n  the  absence of 7  |1j|
p y rid in e  &lm m our w ith  inversfon in  t h e . presence of pyri&im* 
In  view of the  hypotheses put forward* th is  r e s u l t  . i s  perhaps 
to  be expected* s in se  th e  presence .of py rid ine  increases  the  
p o s itiv e , ch a rac te r of .the grcmp about t o  leave- the  molecule 
thereby. in c reas in g  the  tendency- of. th e  aeymmetrio eerboa . 
atom’to  sep a ra te  m  the cen tre  of & earboniuai t a t  ion* Thus* 
th e  ■ eigne., -of r o ta t io n  ' o f , the.■.^^ehloroethylbenseneo: obtained ■ 
by th e  action- of the ..ch lo rides of j&oa pharos on if-)* jfoe»yl*  
methyl© s r b in o l ;{Kenyon* .:Hxlllipe and Taylor *.<1** 1931* 383), 
.are. the-sem e-in  th e  p re se n c e 'o f  py rid ine , as in  i t s  absence$ 
the' magnitudes of the  ro ta tio n s -a re *  however* .g re a te r  in  the 
.presence of pyridine*:, ind ie  a t in g  th a t py rid ine  ■ .fac ilita te s  
th e  .inversion reaction*'' ■
likew ise  in  the presence and Ira. th e  absence of pyrid ine* 
the  ac tio n  of th ie n y l  c h lo rid e  m  o p t ic a l ly  a c tiv e  a l ip h a t ic  
hydy<sty*oompoazids i s  ©ceempanisd by  an Inversion  re a c tio n !  
e*g# e th y l d*4sctat© f (frank land  and Oamer* .£** 1914* 105*.
101), l ( - ) ^ v o c ta n o l  (tavene and Mitattlca* ,*f* ' Biol* ■ Cheaw * 1924* 
m $ 451 VmKmmU and tadhtppe* - ib id ** 1924, .62, :5§X}* With 
thiom yl ch lo rid e  and .ecffipeande con tain ing  an .<*'*phenyl group 
anomaly is  am ountered* since a eh lo r o*compound i s  produced 
w ithout eo n fig u ra tlv e  change*' .With th lo n y l ch lo ride*  both 
e th y l J ta randele ta , (ib ltsn sie  m&' Barrow, y#* 1011*. 99, 1910). 
©n.i ' l(^)^T)h©nylmethyloarblnol (McKern ie  and C-.lough, ,' 1*, 19X0,
give, r i s e  to  predaete w ithout change in  ttigm of ■':.
ro ta tio n *
: • •  •.. Oa the -ether hand* $hen compounds con ta in ing  e phenyl 
group a ttach ed  to  the us$insatri# carbon atom a re  halegeneted  
with thlom yi eh lo rid #  in  th e  presence o f pyridine* in v ers io n  ■" 
o f .c o n fig u ra tio n  ras'm its (leayom* Lipscomb t M  Ih i i l ip e * - ' ' 
t lp a * e.lt» ) |  : Eamyo% P h ill ip s  ami loo* e it*  }.#
these , r e s u l t s  rece iv e  a ready  exp lanation  in  the  l ig h t  
of the ideas p i t  forward* " I n  th e  absence of -pye*I &ine? the  
ohioro^ettlphinate.* ■which-■■■■ie' the in i t i a lp r o d u c t  of th e  ; 
^reaction* con tains a d ipo le  o rien ted  w ith  its  nega tive  end 
towards*.the f te im e tr io :-p®rbon-etomj /o n  d e c o d e s i t io n  a '
; a i& h la 'oarbonitmt anion •■in-.formed .which g iv e s ',:r iso 'to  a 
product w ith oat eonfigur& tiv* change* ; In  th o  presence of 
pyridine* the p o s it iv e  ch a rac te r o f t h e .pyp id in iua  complex 
ovonshelme the  previous e le c tro n  a t t r a c t  lag ca p ac ity  of the ■ 
phenyl group and Pn&eeempo&Itien a earhenium hat.I on la  formed 
giv ing  r i s e  to  a product w ith in v e rs io n  confiipmmtiem* ■ ;
C«K*-CHM3-.C1i cr
+
j cr
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fiae ro ta to ry , powers, of th e  p or o»©c t  anea prepared 
during the.-course of 'the work: described in  th is  th e s is t
end a lso  those.-of other workers u sin g  a variety  of methods*
ere'recorded in  feb ie  i*
In th is  fable* i t  la sssttmsd thet %{***) *P*mt&n®%. was used
th roughout, though a c tu a lly  in" some caper Im enid '.the d ( +) ~ .
i s  omer was ■ employ#1*t  ■
I t  w ill  b e ' seen th a t ,  as f a r  as the  magnitude of the  .
r o ta t io n 'I s  eono.ermed, py rid ine  1ms.no marked e f fe c t ' on the
magnitude of the ro ta to ry  powers of the ^-cldoro-ootanes
obtained* '
BO Gig on £*>oct&nGl
• d i t to -  In  pres,ft*COa
• d i t to -  '• in- p ros*pyridine
L1C1: on sulphonic o s to r
Clg; oa su lph ln io  e s te r
Decomposition of 
chloroform !o e s te r
- d i t to -  in  p re s .p y rid in e
'FGIq on f-o c tan o l
: a) in  proa* e th e r  "■ •"
fo) in  proa, py rid ine!
■' c) in  proa* ZnCl& :
fair, ©nrP-octanol
a) in  pres* ether..
b) in 'p res,
. o) in  pres* 2nClg
fQQla on ?-oc tano l
j-a) - in  pres* e th e r '
b) in  pres* pyrid ine 
1 g) in  pros* ■ 2aOX@ -
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+36«60
+20,20
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+17*68
+26«60
-17*56 
+3U70 
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+23*15
+33 * 64 
34.66 
+15*24
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tra c e s
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a ) The Method of Clough, j
' ' fb# view# which hair# already been expressed# with I
regard t  o 'the, r e l s t i  v# cenfigurat1 am of hydr e&y 0 cs^ pcmnda
■ ■'.■"'■ 'I'1and their Xaeveretatory chlorides# would he considerably j]
strengthened -If the conclusions reached are in  agreement with j'l
. y\
those of o ther.workers# ■ Particularly; w ill this h# 0 0  i f  the- ' j :  
agreement 'is reached by method# as-divers e; as possible from I;
the chemical method employed in the css# of !(*">)**p*©cta&0l* . |
.Fortunately the question of re la tive  eeafiguretloa has-been ' I;
studied by a number of workers employing methods based am . t|
both chemical-and physical coimideratlons# .
An a result of the extensive investigetioBB : m. the part of 
Fischer#' Clou#** Freudenberg# Kuhn# Earner.and etheri* the 
re la tive  configurations of a txumber of naturally occurring ■ 
rfWhydrosy and^amino- acids# as- well as the-corresponding ehtono-* : 
acids# have.been determined* Inversions which occur during . 
the res otiose of these mmpmM.® caa# therefore# be readily 
. recognised#
f h t  earliest attempts to  determine r e la t iv e  configurations
of a b c r ie s  of s im ila r ly  -constituted compounds were made by j
. ■ 1
Flashes?, (B», 3.898, 09# 3-57?)# d-Sluaose wes coaw ted  |:
to  d*>t&rt&rle ooId. by mmtimm whieh aid not involve th« ;i i
...' : ' ' ' '  ■. • ■■ ’.■■■ ■ ■ ■ ' " '■ i :ld ist^bano#  o f . the bonds; of th e . th ird  and fourth ear bon ; i
atoms of the  g lueooe TOlasnlt# By reactions nellies ly  to  J ,
. 1 '■ :' ■ j: ;
esase disturbance of .the bond© of .the ssysnietrio carbon if :
6 t w #-.Fr©udonberg#- . l t M . »  ff * 2027; : with Bmm sf ; |!f•WWfWW ^
Bor * t l@tf if gSf - 1$$$ ) * ha $ in t ere onver tod doxtr o«*t ar t  a ric  # ;|
d©xtro<*malicr lseve~glyeefie and .'laevo«l&etle aclde* thereby };
©stabXishlng-their, ooixflgurfttiom .restive, to  d-*giuooae* ■ . ' j
fhese compound© are fa®id to- belong to  tho .d*seriest-  ^ If
.-■.■• CHO
■ : I
CHOH ■ 0 0 0 1  .■ ■ :■■. OOOH
I ■ ! ■ ■ ■ ■ i ■
. HO• C . H ■ H 0 .d # 1 i' ■ OH8OH .' CH* ■ ■ CHe
\ I . .1 . I. ■' . I
■ K*C*QH .. 11,0,011. 1 , 0 ,  OH. . Ih C .O JT  1 1 , 0 , OH
• ‘ | | I !
.• II, C• OH ■ . 00011 GOOB ' COOK' • • COGH
| ■ . —
d i g  OH
df4)*glneos#' .;d(*} tartaric  . dW  glyceric \  d^Jiaslio'  ^d{^)iactio;i
,■ ■ ' ‘ : ■ ■'■■:■■ ■ ■ ■ ■ h■ In like tmtmm * m  a r e s u l t ' of the researches of Fischer L
tn d  Boiko C$or#.# 1 0 08 /31 ,89$ ; l$07f 40* 3717)* and ethers*  ' •
the stereochemical relation© of. the . following naturally j;f
occurring .tMna*aeids war# established by chemical reactions if' 
which did not involve the asymmetric carbon atom#
0001! COOH ' C00H 0001!
I . . .,■■■ ! ■ !■ ■ I ,
■. ' 8H,*C.H
1 . 1, 1 I .
CHftOK CH# ■'■■ CH*
I - ; .
; ;  ' cooh
AW serine ' lM aepertle  mM. . 1 {— )ienelne i(*}aXaMn®
:, fhe method of deduelmg r  els t  iv® c onfigurstI ©ra from  the . 
r©suita. of Intsrec m $ 1  cm reaefclom- Is : obvlon sly limited la  
saopt| and. Bfi» problems ia?oit out o f : th e ■ phenomenonof g the 
'Walden intension. whioh - ©auld not be solired .by purely .
. ©hejnieal methods# ■
. In order to extend our knowledge o f . the ■ re la tlv a . 
ooafigorationa of orgiml© eomponnds # nei» .methods hair© been 
developed*. The ■ f i r s t #,which ;my be eonveniently termed •. 
the ^physlcrl rafchod* was put forward, by 0 lough {JVf 19X3*
113 #, 636) ■ and was' Is te r u tilised 'by  Karros* f ■. Preadenberg and 
-Brauns | and Let one* ■ : f  rem a survey of the maimer in  whieh 
the rotatory powers of a series of c©nfigura t i  vely similar . 
oc^hydrexy*aeida and their esters# altered regularly- with similar 
©hamgea in  experimental aonditione * Clough deduo ad the 
, fo il mtn^ hypothesis* ^h a t the opt lea l .rotatory..powers of. 
sim ilarly eonetifeuted oompoanda* possessing the same eonflgupa* 
tion* are in general, influenced sim ilarly by the same ohangea
rr*
In'th© external Conditions and a iso- by the introduction of " • 
the same constituent int o ..a .given radical, attached to the 
asymmetric earbon atom# w .,
The h y p o th esis , deduced from the ^-hydroxy-acidBj shown 
by F ieeher and F r  eu.de hb erg to  belong to  . the d*» s e r i e s , was 
employed by Clough to: decide the co riflgu ra tioh  of o ther 
oc^B.ydroxy«*aeids,From a co n s id e rs tio n  o f. the manner of 
v a r ia tio n  of ro ta to ry  power of the  n a tu ra lly , occurring.
.a«*aminoxacids.the. eomelusi on. was. reached that ' dextrorotatory 
a lan ine  * la ev ©rotatory serine, laeyorotatory a s partie .a c id  
.and d ex tro ro ta to ry  glutamic acid a l l  belonged to .the 1* series# 
Ih ea  the relationship of the. optically active *~h& logon acids ' 
to the naturally occurring ot-hydroxy and acids Is
considered, some doubts exists as to-the sim ilarity  of 
constitution# ■ Clough himself considered that the °c*amlno* 
acids and /x^h&l-ogen^aelds could scarcely bo oonslderod’to bo 
similarly constituted, as required by his- hypothesis, and that 
further, investigation was- desirable for a definite conclusion# 
n ev e rth e le ss , he fe lt  ju stified  in  concluding from a comparison 
of the rotatory powers of the restric ted  number of compounds' 
available- for the .purpose at the time, that the d e x tro ro ta to ry  
**halogen-*aci3s were corfigurately related to the naturally 
recurring- *~amino~acids (1 * series), and enantiamorphously 
related to d'( + )^ ta r ta r ic  acid*
-.'V. 1{~) tartaric mild =  l(*)*<x*ehlero-*aeida ===== ■ X*«*esaino*aold&
fhas* according to the conclusions i f  Clough* the c la s s ic  
conversion o f  l ( —}malie mold to  d ex tro ro ta to ry  ehlorosueeinle 
mold by means o f phosphorus pent& ehloridu i s  no t attended 
by a  Walden, inversion/w hilst the conversion o f dex tro ­
ro ta to ry  ehX ereauielaie mold to  d(*}-m alle mold r e s u l t s  in  
an inversion* Suiix m  interpretation Is not in  agreement 
w ith  the conclusions o f Inrrer* frtm denberg mad Kota a t  a 
r e s u l t  o f  more ex tensive im vesiigablens on th e  configuration 
o f x^halogen#aeide# ■ fheso  workers conclude th a t  Xaevo* 
ro ta to ry  oc-chioroed©oinie amid la  eonfiguratively r e la te d  
to Xt~}*tartaric mad l ( - )  sallc  ac id  mad hence the  confersloa ■ 
of 1 (—Jmallc mold to- d ex tro ro ta to ry  <**ehloro*8tt&etnle ac id  
by means of phosphorus pentaehXoride i s  a ttended  by a 
Walden inversion*
h) fhe niethod of,.;HelcarI .mad Kenyon#
In order to correlate the configurations of derivatives 
of d(+)»p*eetaneX#. Hokard mad Kenyon (£«* 19X4* 105* 847)
suggested the possibility  of using, the 1 characteristic 
diagram1 * ■ Whla device is  baaed on the assumption that the 
•anomaloue dispersion of a compound is  duo to the presence In 
I t  of two dynamic isomtridos which are opposite in  sign of - .
ro ta t io n  and have different ■.■dispersive powers# .■ Piekard 
and Kenyon had shown {Bor** 1910* 45* 1590) that dextro­
rotatory /a-ootanol yields* by the action of hydrogen bromide* 
a iaavorotatory ^hmm^m%rnm§ which can he reconverted 
into the dextrorotatory alcohol* fhln  Xaevorotatory 
bromide does not f i t  on the *grmp characteristic diagram* 
for the derivatives* but tr ill do so on a diagram'
which la the mirror image of it#  ■
from this i t  l» 'inferred  that a change ©f ©©nfiguratlon 
occurs ■ during the' replacement of the hydroxyl group by 
bromine . through the action of hydrogen bromide, : Similar : 
eonclueione may be reached:from a consideration of laev©^ ■ 
rotatory ^*cl&©p©*©etane produced from &{*)*/9*0©t&nol by ' 
the action of hydrogen chloride*-"
©) ■ fhe method e f , ICtihn and Ifagner-Janregg*
EtaM mid Wagner^awegg*■ (Ber#* 190B*.SI* 4311 594) 
have devised a unique. method for allocating configcratlona 
to certain delected compounds and also for definitely  
detecting the occurrence of change of configuration* 
fa rta rie  acid exists in  two inactive modifications 
vis** the raeemlc and the neso fonaa*
so .
COOH ' COOH cooh: ■
i t i
IIO*aJ! K.G*OH • :H.d.OH
■ I ■ I ' ' ' : ; - I :
H*C*.0H .. KO*0-*R . : - • * • I!#'G*;OH
■ - r  ■ ■ ; i -■ - t ■ ■ ■
v COOH ■ .-COOH ' ' COOH' ' ' " '
■ ' :R&©emi© > : ■'Me so :
Tm  raetm ic form m m ln t®  o f ImoleouXar properfclcm* 
o f the dextro** m d  l& evorot& torj forms o f ' the  acid# which 
a re  eepar&feXe fey f ra c t io n a l  c r jB tm l l lm t im  of on mlkaloi&al 
s a l t  o f the  raeen ie  meld* ‘fhe  ’ ora# on the  ■ o ther
hand# i s  non*ro3©lv&fele# the ro ta to ry  powers o f the two halves 
o f the molecule feting equal h u t opposite  in  tig n f th e -a c id  
i s  sa id  to  fee In te rn a l ly  compensated* D ifferences in  the 
ph y sica l p ro p e rtie s  e f  the raeeirdo and a©so*f©rsns ef the 
ae id  are# however * to  fee found#
In  a s im ila r  manner# dlefclcro*suec in i  c ac id  e x is ts  in  
tiro in a c tiv e  forms# the raeemic mad a&so*foras« . - %n th ese  
forms the groups have the  same space srrsmgement -as the  
corresponding forms o f t a r t a r i c  acid# : ■ ...
COOH '■ : COOH
' I ?
01*0*11 H.G.C1
■ ■' X  : 1li * 0 • 01. 01*0*H
f I
. COOH ■ ■ COOH
' '00011
■" I
n,c*ci
\
11*0* Cl 
I
. COOH
EaoemiC ICeso
81 .
file ex istence  o f 'th e  %e*e«f&rm* o f the a elds depends 
on th e  fa c t  th a t  th e  two halvas of th e i r  molecules con ta in  
the same th re e  groupa# ;
In th e  e&g# of. an so ld  where th e  two halves of the 
molecule are not taade up of the same groups* e*g« ehlero*  
mail© 8c id y th e for®. eofpeepondlng to. the weae^for®* of 
ter ta r io  and diofelOPO oueointo eoida a lto  ex ist*  in  tw o:" ' 
o p tica lly  a e t ite  forms ihlah 'com bine to  g i v e *  raeemlO a old# 
fhus th e re  a re  two rtoemto ehloro-® *lio acids*
COOH 
I .
■0h .:C .ir:
I
K.C.OH '
■ ■ I
h 'COOH • ■
'■J^chloro-
JVhydroxy-*
""'■succinic.
■: H.C.C1
I
KO.C.H
d^cbloi©-
su cc in ic
■ COOH ■
■ !
0 1 * 0 * 1!
I • 
KO.C.H ■■'
■ I -  ■
' ' COOH
■ J.-cl! lo ro -
■ &rhydroxy~
■ a u o e ln io
■ COOH
11*0*01
■: I
If* G.CH - 
I
. COOH
d-chloro-
X-hytroxy*
. sue e l ill o'
I  ■ Vacemle*.■ ■ ■
d l - e h l s ro m a l le  a a id
I I  haeso* :
&1*chiorom alio ac id
Of thee* two di^obiorossaiic &eid* Kuhn a llo c a te d  themmmi
structure to  th a t  one {IIj whose properties-end those 
of i t s  e s te r*  f e l l  between those  o f m&*0*dlehltf*o# and me so*
dih7drexy*8ucoin ie  molds# provided th a t  the  p ro p e rtie s  of th e  
second d l^ ch lo ro m lie  aeM  a re  also ' in t  © m ediate between those  
of th e  r* d ieh lo ro  and £-dih^dr® :f*sueoinIo acids*
Thla scheme thus provides a method fo r e lu c id a tin g  th e  '
eoafigm rtttom  of th e  two S l^ehloro  malle acids which does ■ 
net depend ea s  comparison of o p tic a l ro ta to ry  powers# - 
■ fu r th e r  f M m  has shewn th a t  # when 0 hydroxyl .group 
i s  rep laced  by a chloro^gfoatp by » a n s  of e ith e r  thionyX ; ■:'; ■ 
c h lo rid e  or piospharus j&j&aehleri&e* m. inw ersioa occurs # ■ ■• 
thus |  methyl ^ mes c»& l.^hlsre»iBalit# # cm treatm ent w ith  fchienyl 
ch lo rid e  in  the presence of pyridiae*. y ie ld s  methyl paoemie 
d iehX orosuoaim tef and m t  3^thyl#a® ao^dlehieroauoci»at0t
fro® a co n s id e ra tio n  of .the e o h fig u ra tie n  of th e  eh lero*  
m alic acids s u b s t i tu t io n  of hydraxyl by ch lo rin e  w ithout 
change of co n fig u ra tio n  should r e s u l t  in  th e  production  of 
methyl*3Beso*diohl4^osuoolnato* fhe  production  of the raeemie 
e s te r  can only mean th a t  th e  s u b s t i tu t io n  o f th e  hydroxyl 
group of th e  itteae-dl^ehlero^malio e s te r  by the  ohlere<*greup# 
u sing  tbienyX chloride*  i s  aoeompanlii by. in s e r t io n  of ■ 
configuration# . ,
. .co*, cKfl ■ coM,m® . ’ ' cq*.ch* co$*0h*
■i i . I ' I . ' . .
■' H*C#C1 ■ ' 01*0*11 G1*C*H . H#0*CX
t ■ r ., i . . . r ■
■ ■ H.C.OI! HO.ChB • ' !!* 0*011 HO. 0*1
■:: ' ! 'y. I . i I . .
■ 00$.Ch$ GO® *011 a 00$* CH$ 0O$#Ch$
; •rnesb f-^-chI©r© ffialate ♦raeemio* &1 »chlorc«aal&t e
•:COnM h  ■ CO*.CH* ’ ' ■ ’00$*01a C0«»GH«' I ' ' \ ■ I : I
11*0*01 01*0*1! ' H• O«OX 01*0*1 .
■■■■■■ I ' ' I ' i ■ ■ ■ ■ f . " ~
■’ Cl.C.H 11*0*01 H.C.C1, 01.0*11I I I t
COg'.CHg ' 0O«*CHa 00**011$ 00$«Glia
•r&cemle*' d ieh lo ro succ lna te  fmmo* d ich lo ro su cc in a te
■ I t  lias 'also been e s tab lish ed  by th a t  e th y l d«*tarfcraie
la  converted t o  e th y l l^ohloro-d-BTd^sK f-ro.eeim te w ith th lo n y l 
ch lo rid e  {1 mol*} and .pyridine* . W ith'two-m olsoulss of th io n y l 
Chloride* methyl i s  comert® d  to  methyl {—)®ell*
ch i cr m 'm  e Imat e * I t  would appear from title  th a t  replacement
of CH by Cl re su lt#  i n  In v e rs io n  of ' m tiiigar& tim *  ■ ■
COg * CgI!§ ■ CO»*C®n# ■ •
I ■ 1
in 0 .O1I . -zmi® . ■ . me#oh
"I -___ \ 1 mo l  ■* )■  ^ I ■
- HO• C*H - ■ ■-. * ‘ ° “. K*C*C1
I ' p y r id in e  . I .
COg * COq * Cg-Bji
. K thyl'& {♦)-t a r t r a t e  . .’ -Ethyl 1 -c h lo ro ^ -h y d ro x y
euccln&t®
' .CO»,CH*" - ■ ■.. ■ '.. " . CO».CH* ",.
I I
B.C.01! • tC l,.. . Cl.O.H ■ ■ .
J __________;__L_ | 0l . ) I
: IIO.C.B + °  E.C.Gl
I p y r id in e  ' I
GO**CH» CO**CH*
' Methyl •£{ 4 } * ta rtra t®  ' ‘Methyl (~) ~diGhlorosuoelnate
• fh m  $ Xeevorpt&tory diehlor®  su cc in ic  ac id  has the  
ch lo rid e  atom ' in  p o s it io m  co rrc tfen d in g  w ith  those o f 
the  hydre&yX groups in  1{—). t a r t a r i c  m id  and should ho 
designated  1(~)dicblcro^euceinic acid*
■ Although d ire c t  conversion of an ac t i r e  d lch lo ro  
In to  a  mono-ehloro succ in ic  ac id  could mot ho' a f fe c t  ad# a :
04 *
comparison of th e  ro ta tio n s  of th e  acids- and th e ir  e a te rs  
tinder .various cond itions leads to  th e  conclusion  th a t  
(^aonochlorogftooixde se i& :i s  eoaf lucra tiv e ly - r e la te d  to  
1 (**}dlohX@p oxacid* '.
. .This conclusion  is  not in  agreement w ith  th a t  o f Clough 
w ith respect to  the  co n fig u ra tio n  of - (+)ohioroauocihio and 
in  the c la s s ic  cycle  o f 'transform ation shown below* the  
reaction  w ith phosphorus pentachloride involves' invarsionf 
w hilst that, with s ilv e r  ox Ida 'does not*
■JPCIJT Ag#0^  '
l(-.)iaalle ' ‘ &{ Amalie ■
-■ a c id  ■ . ■ a c id -
^ aEso m s- ^
1 (—)e h l6F«sau6c ia ic
acid
On the &sst!if#ticm that snalsgoaa compounds of similar 
eonfiguratlon suffer corresponding rotational displacements 
when subjected to  the same changes * Freudeaiberg and Markert  
(Bar** 1907* 60# 04475, and Freu&enfcerg and Bux (3er«* 1923* 
.61# 1033) deduce from experimental'resuits that (^ )*«*’bromo« 
propionic acid and (-*)hromosuooinie acid belong to  the 
1* series#
In  conjunction with the work of Kuhn and Wagner*#auregg 
th e ir  re su lts  enable them to  regard  the  follow ing series  as,:
defiz& tely  estab lished# ,
a e ld # X|^)liaXogetia^p?'CjpioBie a c id s*
. ■, jlC*)sdaninii# .'
\ Aueeiaio aside iM  l^Jaap ertie  eeid* ^
From Coneid:eye.tioris baaed’on the .Irffinem # of
, ^hm m m  ( fh il#  lag** !$&$* 4&* 497};eonsid era th a t
the  s u b s t i tu t io n  © fhydrogen in  a' h;fdreea*b0a  chain  b^ © ., 
negative ■ group {e*g#-.methyl tss* hydroxyl} i s  equivalen t to  
the  in tro d u c tio n  #f an # l t e t r i c  d r ib le t  w ith i t  a p o s it iv e  : 
and a b .th t  carbon atom of the. paren t molecule and i t i  _ 
negative end a t  the su b s titu e n t group# S im ilarly#  fo r a 
p o s itiv e  group Ce*g*# n i t r e  m  c trb o z jl)*  the positive, end o f 
th e  doublet would be a t  the ..tu b stitu o n t'g ro u p #  '.. At a r e s u l t * 
an e le c tr o s ta t ic  moment, is  in troduced in to  the molecule* 
which-. in f  lu e m t i  the  sp e c if ic  inductive  capacity.' of th e  
eempotmdj and th e  change in  the eap&eit j  i s  a m eiture of the  
moment# . • When the  ' sp e c if  t o ; in&aetiw© m p m i t t m  of compounds 
of the t f p t  0^1!|»X tad  C^SgX fo r  lo n g  wave le n g th s  and a t  
ncrm tl te« $ er* ttir*8 a re  compared* i t  i s  found th a t  th e  ; 
in flu en ce  o f the s u h s t i tu s n t : .grotip i s  In  th e  order
' 4' 4
033,01* Br, I ,  Eft, la ,  B, COOH, CBO, CaOH^CH, SOg 
l,e» thero Is s gradual transition  from high negative to
M gh p o sitiv #  -
C&; arrang ing  th e  su b s titu e n t groups - employed In  
-s u b s titu tio n -In  the mcnowBubttituted benaetis©* so as to  . 
'rep resen t a g rad u a l t r a n s i t io n  from' those s tro n g ly  para** 
(negative) to  th e se  s tro n g ly  m o te ^ ire e tiv e  {positive} 
th e re  is  obtained a - eerie© in  m eh th e  same o r& eras  .those ■.-■ 
quoted fa* 's p e c if ic  Inductive capacity*
; S tud ies m  th e  in fluence- of - various groups on. the.' . ■ 
d is s e r ta t io n  constan ts o f : su b s ti tu te d  a e s t ie  Cor b e n s a ie ) -. 
ac ids give r i s e  to  s " s e r ie s  in  Him  sequence# ■■.. Such © s e r ie s  
Is tw n e d  » -polar■■■.series# ■'...
■ B nlt fF*# 1924* 3^5#:.1121 £$£4j ' Trans# Faraday
Soo#* 1930*' §4* 321*) hss',-shorn th a t  a. re la tio n sh ip ,ex is ts ... 
b e tw e e n -th e 'p o la rity  of ■ e su b s titu en t-g ro u p  and i t s  in flu en ce  
on.-a’number -of ph y siea i p roperties*  .■ The physica l p ro p e rtie s  
of a compound-EX* where B i s  an a lh y l or a ry l  ra d ic a l*  a re  ■ 
dependent - on: the  - p o la r i ty . o f : X#. • -. Buie ooneludes „ th a t  *
.subject to  minor v a r ia tio n s , .the r e la t iv e  p o la r i ty  of groups 
i s  independent of -the p a r t ic u la r  physioal p roperty  from which 
it... has been deduced* ■ '■ P urfchery ln  view of th e se  . 'r e g u la r i t ie s ,  
I t  i s  probable, th a t  a s t e l l a r  r e la t io n  e x is ts  between p o la r i ty  
of a su b s titu e n t group--and i t s  in fluence  on o p tic a l ro ta tio n *  
This r e la t io n  has been.dem onsfrated,by Buie*.who em |tissis#d 
th e  d t s i r a b i l i t y ;  of i n s t i t u t in g  th e  neceassry  comparisons'
where possib le  w ith compounds in  the liquid.etat# In order 
to  eliminate so lvent effects#
Xh general i t  is  found th a t  th e  replacem ent of a hydrogen 
atom in  on o p tic a l ly  a c tiv e  compound by a p o s it iv e  su b s titu e n t 
'd isp laces  .the  ro ta t io n  in  the  opposite  sense to  th a t due to  a 
negative  su b s ti tu e n tf  a lso  the  magnitude of the displacem ent 
corresponds approximately. to  th e  p o s itio n -o f  the su b s titu e n t 
group In  th e -p o la r .aeries*  Thus f when th e  ro ta to ry  powers 
o f a s e r ie s  of'.-derivatives obtained from d(**)*itmyl. a lcoho l' 
tad  d(+)*p^octanol by s u b s t i tu t in g  th e  hydroxyl group by -'; 
groups. - o f , d i f f e r e n t ' p o la r i t ie s  a re  re sp e c tiv e ly  arranged in  
ascending order* i t  i s  found th a t the  su b s titu e n t groups a re  
approx im ately :in  th e  order of in c reas in g  p o s itiv e  p o la rity *  ■
it OHi* * &
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... From a eons id erstion of the cHamyl derivatives i t  can 
bo concluded th a t  th e  a lcoho l belonging to  the d k se rie i i t  •
I t everpfcaiory* because a l t  th e . remaining derivatives can be 
prepared from th i s  ale oho! by .reactions In  which the fou r 
bonds of the aeymetrio carben atom can be'cam m ed to  
remain undisturbed# ... Tm methyl e th e r w ith  the. lesa negative  
mathoxy $pmp ia-deactrorctatery. and the de&tr©rotation ®f.- 
the different members' of'the series increases# ; The ... 
regularity, of the i.change. in - ro ta to ry  power confirms the view 
th a t  'dextrorotatory amyl h r amide i s  configuratlvely-related 
to  Isev o ro ta to ry  amyl alcohol* - S im ila riy#.-the gradation 
shown by the &*|3.<*octyl . derivatives b rin g s one to  th e  
conclusion that dextrorotatory.. jS-ahloro- and ■ p-brome^oQ tone 
have the same configuration as dextrorotatory p^oetmnol* a 
coneXus ion which is  arrived at by .-..other experiment a 
described  in  th is - th e s is #
' e) The -ffiethod of*. Levene and Kike.aka# .
Levon© and MlkesM# £tf#Blol# Oh era* $ 1024f 69# 4731 
Ib id # 60# 1 »' 6351 ■ 03* 85) |  have employed a somewhat s im ila r  
method In  m  attem pt to  e lu c id a te 'th e  r e la t iv e  co n fig u ra tio n s 
of. normal 'secondary alcohols and th e i r  halides#  According' 
to  Levons|i the change O^H^OH— Cgpj^Br i s  accompanied by a
9 0 .
ohttng# in  sign  of y o ta tlo a , fta ie 'f i la e  $ft® efaaaga 
C8HiY511 ~ -  CaH ^ OJE* ' In  t!ie l a t t e r  ch an g em  in vers io n  of 
o o m fig a m tim  m n  be assumed to  occur sine© the  groups 
a ttached  to  the  asymmetric carbon atom remain undisturbed# 
fh#  change in  s ig n 'o f 'n o ta t io n  i s  a sc rib ed  to  the change to  
p o la r i ty  of. the  group concerned* Hereo¥er, Lairene and 
lliheska a s s e r t  't h a t  e inee  th e  change to  p o la r i ty  CH —► Br 
1$. s in i la y  ..to the  Change EH— i t  can be In fe rre d  t h a t ; 
th e  change to  alga, of ro ta t io n  in  th is  case can a l to  be . 
a sc rib ed  to  p o la r i ty  changes and m b  to  any c o n f ig u ra b le  
change# In  , o ther words , th e  change OgH^d;! — C^H^Br i s
unaccompanied by e o i^ ig u ra tto a  change and th e re fo re  
^aevoreta tery . ^brom orectane hag .the sense co n fig u ra tio n  as 
d ex tro ro ta to ry  p^cotanol* . ■ I t  I s  d i f f i c u l t  to  conesire  on 
whet th e o re tic  e l  grounds havens and 'Mike oka. conclude th a t  th e  
change Oil Br Is  cosi»neurftte w ith  the  change SI!—*-S0^If# 
F ra n c is , todrewa and dehnson {y*Amor«Cheta*Soa«, 1926,
43, 1624} * have pointed' oat- that i f  a series of mnoeubstitutedwmmm* ■ r w ^
bentends be arranged  to  accordance w ith  H ollem ads s e r ie s  fo r  
d im inishing Ogp o rien ting .pow er, ilia and h«pts*' f a l l
through toe s e r ie s  and r i s e  through the  m-sertots in  a 
reg u la r, manner! a s im ila r  r e la t io n  e x is ts  fo r  compound a of ' 
th e  type EX# If*  now, the group *SH be in troduced  in to  th i s  
s e r i e s ,  I m p o s i t i o n  being fix ed  by th e  b#p*' (*-61*| S te e le
mat Bagstar* 1 9 g7j MQ7) and N ^ >  . Begeter*
3mp I 9 i i ,  m M %222) 'of anlpM & t, t h t .f  ollowing
ser ie s  i s  obtained*.
legatives Sffi* orienting Positive? ?a* orienting 
a i |  SB* B rr 01* Cli^i H CT0* 10^f SCyBt* COgB
; f  pom th is aeries it.would .&ppmr that OS is-snore negative
than Bl* vrhtoh la  more negative than Br or CX.V. On the other
hand,- the  SOJS group is  a positive' group and hence the- change
EH—*- SO, H i s ,  from a p o la r i ty  po in t o f v i m $ e :f s r  g re a te r  
3
ehinge than OK •—► Bp*
8*
■ I t  'may bo oobolu&e& from the view© advanced that i f  
t e in g  & substitution reaction of an optically active 
Compound there arises during the course of the reaction © 
esrbcnlum anion Cabdrv then the- fina l product w ill I t  
formed without inversion of configuration* I f  on the other '
4*
hand a earbonlum kstion Cabd is  produced as a transient 
phase in  the reaction then the product w ill either he 
inactive, or opposite in  configuration to that of the parent 
compound*: fhe occurrence or neii**ooeurren.o© of inversion is
decided (a) in the type of,reaction in  which the entering-,, 
group is  present as to  anion* %j the nature of th e . reactant 
and (h) in,the type,of reaction in  which the entering group
is  covalently linked by the direction of. the dipole moment
r
of the molecule which In turn i s . dependant m  the nature of. 
the groups .attached to the' csysasaatric carbon atom*
$h© experim ental r e s u l ts ,  show th a t la e v o ro ta to ry  ■ ■ 
^•oc tim o l has th e  same co n fig u ra tio n  a s ; l& evcrotat cry  /&*chlaro* 
octane and th a t  th e re fo re  the replacem ent of hydroxyl by 
ch lo rin e  i n  ^ o c ta n o l  by .the  common halcgenating  agents 1$ 
a ttended  by a Walden inversion#
fhe production of a laevorotatory p•chlor$«• octane by the
f3*
decomposition of l{~)~/3«*©eiyl ebXer ©format# must .he th e re fo re  
regarded ta a unique reaction*-
fho o en d u e io n  drawn in  r e la t io n  to  th e  r e la t iv e  ■ 
eeisCiguration of lt~)~/3H tti*nol and i t s  la e v c i^ tc ry  e h l tr ld *  
i s  in  agreement with • the c a a c lu s lm  a r r iv e d  a t  by o ther 
■worlds..by d if fe re n t  methods* ■
fh e  conclusions to  be drawn from th e  experiments w ith 
. ca rb in e ! &ra In  agreement w ith those o f 
e th e r  in v es tig a to rs*  In  th a t  su b stitu tio n ?  ■ re a c tio n s  w ith  
e expounds con tain ing  an  <x*piienyi group give r i s e  to  products 
w ith  itnmh raoen l se t ion* - • By the Bathed employed m  In  the  
m m  o f . i M ^ o a t a n e l n e  Conclusion could ho reached as 
to  the r e la t iv e  c a s t i g a t i o n  ..of , i (—J^ itien jlM th y l earbim ol 
and i t s  la  evarot a to ry ;C h lo rid e , though the  r e s u l ts  of 
I h t l l ip r *  Kenyon and Taylor*-' ob tained  w ith  th e  p*tolueneeulphon* 
a te  ofc 1(~*)*pwnj%mhhf!k carb ine!,. sihm th a t  th is  a lco h o l 
has th e  mm® co n fig u ra tio n  as i t s  ta e v e ro ta te ry  ch loride*
. The In fluence of th e  pros one# of p y rid in e  on th e  course 
of a Substitution reaction supper to the view that an inversion 
rem its  If  .the aaymotrie carbon atom separates as the centre 
of « ear barium fcstien* " The presence of pyridine fac ilita te s  
the formation of a.carbonltna katlon by creating in the 
intermediate complex »» additional centre of positive character.
Although the holog*nation of by the ahicrides
isd  teeyohlcwid* of i&ioai^orua' proceeds normally In the 
ib ie m a  of p y rid in e , In  i t s  praiterieo a more coup le t re a c tio n  
oeeurs in  which the pyridine playa a port other- than merely 
removing hydrogen chloride# This i s  apparent from the 
m pe^im n tn l re su lts  which show th a t l i t t l e  er no /s«*eh!ero«* 
ootim t i s  produced In  th e se  axperim m ti*  but th a t  e s te r  
formation predominates*
95 .
E X P E R I M E N T A L
' For th© convenience of the reader in  com paring' 
the r e s u l t s  o f the  v a r io u s 're a c tio n s  described  h e r e in , '
I t  I s  assumed th a t  ootanol was'used throughout*’' "
A ctually , i n  some cases the d(+)~ isomer was employed#
For the re a c tio n s  involving phenylm ethylearbinol 
the  !(**)» isomer was used throughout, s ince  th is  isomer 
i s  most' conveniently obtained in  la rg e s t  q u an tity  by the 
re so lu tio n .d escrib ed *
96,
IS X .! 1 E I i l l  t  A h
I nm FRIPAHA'XIOH OF EHXL--
, MBf HXL0A.KBI HQL, .A® THEIR p~IQLUEmULFHIIXC 
ESTERS, AID,l(~>-p-OCTH. p-TOIXIEMEBULPHOim'rE,
( I )  l ( ^ ~B*Q etanol,:;, , e .  .
,.r .This..'carbincl. was obtained by -the '-sim plified  method 
fo r  the .re so lu tio n  o f metfeyl^n^iiexyl ea rb in o l, described  
by Kenyon, <3T,1982, jgf,gS4Q*..»;
( i i )  yhe ,P repara tion  of the O p tica lly  Active Pbemrlmethyl*
ca rb in o la .
As considerable 'q u a n titie s  o f tb s o p tic a lly  pure alcohol 
wore requ ired  in  these in v e s t ig a t io n s , . a ttem pts were made to 
prepare "the d~ and 1~ v a r ie tie s ' of th is  alcohol by a method 
o th er than th a t  involving the labo rious f ra c tio n a l  
c r y s ta l l i s a t io n  o f the brucine .s a l t  of th e .a c id  su cc in ic  e s te r  
according to  the method, of P ickard and Kenyon ( J *»19?1,99.45), 
This method y ie ld s  the dC+J-phenylmethylcarblnol only*.
The production  of a h igh ly  l& evorotatory phony Imeihyl* 
carb ino l was repo rted  by O tt { Bar*,.1928,61,2 t j9 )  by the
97,
f ra c tio n a l  c r y s ta l l i s a t io n  of the brucine s a l t  of i t s  
ac id  p h th a lic  ester#- The oarbinol prepared , ' was ev iden tly  " 
not o p tic a lly  pure, sine© i t s  ro ta to ry  p o w e r , - *40/95°,  
was le s s  than that* |o]iIoa *42 r:8 6 % ..repo rted  by Pickard 
and Kenyon fo r  the o p tic a lly  pur© d~oarbinol.,. -
The r e s u l t s  o f the present" experiments show th a t  
i t  i s  possib le  to  prepare the 1*oarbinol ra p id ly ,' and in  
good'yield., by the f r a c tio n a l  c r y s ta l l i s a t io n  o f the ■ 
brucine s a l t  o f the ac id  p h th e lic  e s te r .
1 (~) -Phenyimethylcarblnbl.
Phenylmethyloarbinol was obtained in. ?6jC y ie ld  by the 
in te ra c tio n  o f magnesium methyl bromide and 7$$ o f the 
th e o re tic a l  quantity’of bsnzaidshyde (M arshalle »1915.107*509).
The magnesium methyl bromide was. prepared by passing  - 
methyl bromide vapour {t m ol,) in to  ether* covering magnesium 
{1 mol*)* The earbinol obtained , waa converted in to  
i t s  ac id  p h th a lic  e s te r  by hea tin g  i t  w ith a so lu tio n  of 
p h th a lic  anhydride ( t  mol,) in dry pyrid ine (? mol*) 
on the  steam bath  fo r  two hours. The dl * phony Ime thyl - 
carb iny l hydrogen phth&l&te separated  from a c e tic  ac id  o r 
benzene in  le a f le ts *  a , p * : 108% y ie ld ,85$ {0 *2594g,dissolved 
in  a lco h o l, requ ired  fo r  n e u tra lis a t io n  9#7ce, of 0 , 11 
©odium hydroxide. C&lc,,9.8c©*)# The brucine s a l t  of the 
hydrogen p h th a lic  e s t e r ' c ry s ta l l is e d  re a d ily  from acetone,
The brucine s a l t s  of the two isomerides d iffe re d  only s l ig h t ly
in  s o lu b il i ty  in  cold acetone* but showed a marked difference 
in  hot acetone.* The brucine s a lt  was th e re fo re  trea ted  with 
h o t acetone in su ffic ien t in  amount to. d i s s o lv e . i t  com pletely,' 
the hot so lution f i l te re d , and the undiesolvedt s a l t  washed 
with successive portions of b o ilin g  &eeione* After th is  
operation had been repeated 8 - to times, the sparing ly  soluble 
brucine s a l t  rem aining, m*p,' 152° {decomp,},. had £$«e* *45*7° 
i n  acetone {e=5*!$Of 1 s 2} a n d - —47, 7^ in  chloroform 
( c » 5#085, i  « 2 ). On decom position, th is  brucine s a l t  
y ie ld ed .th e  hydrogen phthalic e s te r  aa an oil,, which had 
c i ts *  -3*31° ( i  a 0,25) in  the homogeneous s ta te ,. A fte r 
several months, the o il  se t to a mass of needles which had 
m*p, 81-82° and 4*39*8° in. ethyl a lc o h o l‘ {e » 5* 1220,
X ** %U [*3*461 *59*7* in  carbon d ieu lph ide (c » 8,4800, X » a ) ,
E S L i 4*1*23°. in  chloroform (c s  6*5100, i  s  g ) f
$ ■ • "• -• ■ ■ 
The a lco h o l, b#.p, 93 /item # , obtained from' the hydrogen
p h th a lic  e s te r  by h yd ro ly sis  had aJle*. * 13*2?% aSaee 10,94%
and a l i e s  - 28. 06° (a ll.J^  -  0 ,2 5 ),
By th is  procedure th© 1,-a lcoho l may be obtained f a i r ly
ra p id ly  in  good y ie ld , in  com paratively few o p era tions: e«g,»
from 1*3 mole* o f dl-phenvlmethy1c a rb ln y l 'hydrogen p h th a la te
there  was obtained 0.27 mol* o f 1-a.lcohol of maximum a c t iv i ty ,
d O )-P henv lm ethy loarb lm l* The mother liq u o rs
frora the le s s  so luble  brucine s a l t  were concen tra ted 'and
seeded w ith a c ry s ta l  o f the bruclm© s a l t  o f d-phenylm ethyl-
carbinyl hydrogen p h th a la te . Th® crop of c ry s ta ls  obtained* 
a f te r  cryst&lllsing fou r times from acetone, tod  m*p* 65°
•and y ie lded  a hydrogen p h th a lic  e s te r  with|~*ap|@i. **28 s ..in 
® thyl«aicoholie so lu tion* On fu r th e r  c r y s ta l l i s a t io n  (6-8 
tim es) from acetone, ■ th ere  was obtained a small quantity.of 
the brucine s a l t  with sup* ■ ?Q?0(decamp.), [riJsJex ~ £ 9 *7& in
e th y l alcohol {0 a 1 ^ 2 ) .  The hydrogen p h th a lic  ■ [•
• ■ •
e s te r  obtained from th is  s a l t  s o l id if ie d  to a white c ry s ta l l in e  j! 
mass, m*p* 81- 82% which had[sc]?*** *4Q#7U in  e th y l a lcoho l J
(C a 3*010, I  a 2)* . f
Some.difficulty was experienced w ith these crystallisations |
s ince the s a l t  in  the f i r s t  s tages was e a s ily .so lu b le  in  ' {
acetone, and in  the l a t e r  s tages tended to crystallise in |
e i th e r  o f two forms, depending on the tem perature. I f  allowed j;
i ;  .
to  c r y s ta l l i s e  overnight a t  room tem perature,; the s a l t  was I;:
produced in  hard masses, m*p* JOT0., .whereas i f  i t  was cooled |
in ice .and c ry s ta l l is e d  rapidly,- l ig h t  powdery crystals wer# I
0formed contain ing  acetone o f c r y s ta l l i s a t io n ,  m*p, 100-10? . 
{decomp*}* . s f.OOg* kept in  an a i r  oven a t  9:0° u n t i l  i t s  
weight.was constant ( 3  ho u rs), lo s t  Q*079g*r i*©», 1*9$$ 
corresponding to  liaol* of acetone o f c ry s ta ll is a t io n *  jl
F u rther p o rtio n s o f .th e  fu l ly  ac tiv e  brucine s a l t  could J
i f
be obtained  by decomposing the f i r s t  mother liquors from.th® j
f
c r y s ta l l i s a t io n s ,  which y ie lded  the hydrogen p h th a lic  e s te r  J
as an o il*  The a c t iv i ty  o f th is  could be e a s ily  and ra p id ly  j
increased  by treatm ent w ith dry carbon disulphid®, in which J
too*
dig e s te r  ia 'practically in so lub le  and th@;<|** (o r 1^1 
e s te r  i s  easily 'soluble. ' Thus, 25g«- o f , l> d l» e s te r  '
I Ms * s i  ~9*2° in  e th y l a lco h o l) , tre a te d  w ith SQQcc." of 
carbon &i sulphide.*'- deposited  'about 15s*. of the d ig e s te r , ' 
and from the mother l iq u o r , approx,.' IQg. o f . l+ d l- e s te r  were 
obtained as an o i l ,  w ith OIbSUx '^23-*.T° i n • e th y l a lc o h o l.”
T h is-ester., on conversion, in to  brucine' s a l t  and
reorystalliestlon  as d e sc rib ed ,1 was obtained w ith maximum"
a c tiv ity *
* ■ rk '
On hydrolysis'of the hydrogen p h th a lic  e s te r  £ H l te i  **40.7 U 
d ( } -phe ny 1m ethy l car M no 1 was ob tained ,.' b. p . ’ 90-99 °/20mm*, 
w ith  m ilea. +13*026 and &&&$$ *10,87° (, 1  « 0 , 25}p whence 
jjpis^sx .*51 *36 and jjsj@.l©3 * 42.88 .
( I l l )  The P repara tion  o f'.E ste rs  ..of p^Toluenesulphinle
Acid by the method of Frankland. and Aston.
(n) Ethyl dl«»p-to luenesu lpfalfla te .' The method devised
by Frankland and Aston fo r  the p rep ara tio n  o f e th y l t a r t r a t e  
was more convenient and gave b e t te r  y ie ld s  of e th y l d l^p- 
toluenesulphlnat©  than the methods describes by P h ill ip s  
( I c e , p i t* )  Moist e thy l a lcohol was continuously d i s t i l l e d  
from a so lu tio n  of anhydrous p -to lu en esu lp h ln le  ac id  ( 65s*) 
in  e th y l alcohol '( 20Occ.) in to  a ' fd ry in g 1 f la sk  con tain ing  
f re s h ly .ig n i te d  potassium carbonate ( 1Q0gt ) and e th y l 
alcohol ( appcc.)* From th is  drying f la s k  the a lcohol wa*"' 
continuously re tu rned  by d i s t i l l a t i o n  to  the *reaction*  f la sk
1 0 ! .  '
contain ing  the a lco h o lic  so lu tio n  of th® ’acid. A steady 
interchange ©f e th y l alcohol was m aintained between the two 
f la sk s  fo r  4-5 hours. ■ The' c o n te n ts 'o f  the re a c tio n  f la sk  wer# 
then poured in to  w ater and the ethy l. d l-p -to luenesu lpM nate  
which separated  was .ex trac ted  w ith ether* The e th y l djUp*- 
to luenesu lph inate  { 63g*) is o la te d  from the dry ethereal'-- 
e x tra c t  had b.p* ’75-?6° a t  l e s s 'th a n  0 , 1mm* and U5 3 0 9 * " 
I f ,  during the preparation# the ■‘reaction*flask; was heated ■
G
too ' s tro n g ly  { aboTo 125 ) o r ' f o r -longer than 5 hours, the  . 
e s te r  obtained was contaminated w ith di-p-tolyl -d isu lp h o x id e ,■
: Methyl dl^p-toluenesulphinate ■{ ■ 27s*)» b.p. 82-85° a t less
£3 f i°than 0 * 1mm*, a  ^ d*5438? was prepared by a s im ila r  method"- 
from p -to lu en esu lp h in ic  ac id  ( iOQg*) and methyl a lco h o l. ■ '
(k) 1 (,r j -fi-Ootyl d l-p - to luenesu lph inate  * For th is  e s te r  '
%ho re a c tio n  m ixture of l ( ^ ) - 0-oc tano l { 10g . )■ and p - toluene-* 
su lp h in ic  ac id  { 20g.») was d ilu te d  w ith benzene# which during 
d i s t i l l a t i o n  c a rr ie d  the water formed in  the re a c tio n  f la s k  
in to  the d ry !ng.flask* This d ry in g ' f la s k  contained benzene 
and phosphorus pentoxido* There was is o la te d  from the 
re a c tio n  m ixture KrO-fi-oetyl- dl-p -to luenesu lph inat©  { 4 g ,), 
n8j£ “1. 5 0 5 8 , -28*2° . ("1 *• t *0)* The method, however,
proved unsuitable fo r  the p rep a ra tio n  of the la rg e  q u a n tit ie s  
o f  the e s te r  requ ired  fo r  th is  re sea rch , -■ The m a te ria l u sed -' 
was therefor©  prepared by hea ting  to g e th er equimoleeular 
q u a n ti t ie s  of l(—)~£~oct&nol and e th y l dl-p-toluenesulpfalnate 
aa described by P h ill ip s  { lo o , c l t . ) , where i t  was shown th a t
th i s  method caused no 'Invers ion  or lo s s  of ro ta to ry  power-■ 
of -the op tica lly ...ac tive  p-octyl rad ical*  and'gave an e s te r  - 
o f ■' the " same - configura tion  as. t h a t ' given by/p-to luenesulphinyl ■ 
c h l o r i d e . ;
(e) ■' 1 (**)-PhenyiBiethylcarbinvl dl-p.* to lu en esu ln h in a te .
This e s te r  was prepared by the method o f  Kenyon and 
P h i l l ip s ,  J*., f93;0, t6:8t *. An e th e rea l  so lu tio n  of p -to luene- 
su lphlnyl ch loride { 45*.6g*} was added slowly to an ice  cold
*1* ft ^  0s o lu t io n  o f  !(■*“}-phenylmethylc&rbinol ( 3 0 g** z l t e i  *12*72 ,
l m  0*25) i n  pyrid ine C60g*}v A fte r  standing a t  room 
temperature' for. 3Q minutes * 'water was added and the e th e rea l  
e x t ra c t  washed with d i lu te  hydrochloric  ac id  and th e n w i th  -  
aqueous potassium carbonate* Th© e th e r  was removed from the 
d ried  e x tra c t  a t  15mm* pressure*. The-l(^)-phenylm#thylearbinyl 
d l-p*toluenesulp liinate  ;obtained was freed-from -traces  of 
1 {** )~phenylmethylcarbine1 by gently  heating  i t - a t  a p ressure  
of le s s  ■ than  0* 1mm. •: I t  { 2?g. *90$ Of - theory i } had :. 
a l f e i  -17 .36°, X s 0 . 5 ,
( lv) , •' The t?-Toluenesulphonlo. E sters  * - - " - ■ -- -""" - ■ '
(a ) 1 ~-fi*»OetvI 0  - t  o 1 uenesulohonate* - >. ■ I{*")<*p--Qetyl~
£ l-p-to luenesulphinate . ( 15s* * 1 *5072, ^ U 9 °  > ■ ■
lg=s 1*0}' was a g i ta te d  fo r  sev e ra l 'h o u rs 'o n  a shaking machine 
w ith 'potassium  permanganate { 6*§g*) and magnesium sulphate 
( 4*6g*) -dissolved in  water { 5QOco♦)* ..• The p re c ip i ta te d  • i.- ■ 
manganese dioxide"was d isso lved  by passing  sulphur dioxide
i o j , .
u n t i l  .the l iq u id  became•colorless* The. jfcily.layer remaining 
was ex trac ted  with e th e r ,  the e x tra c t  washed with water, and 
d ried  over anhydrous sodium su lphate . On removal of the e th e r  
with s l ig h t  warming a t  ,15»nu.. .l(~)~p«*Qctyl: p-tolueneaulphon&te
remained ( ,!3 g*, n^|V 1, 4940 , i >  ?*Q)# '
XX WAtBBlf XOTgRSlQH BEA.CTI0H8 OF TEE p^TOLtTETO* ' '
PULPHXKIC. E g m S , ' '
M) 1  (^ . .dl-p~Toluenesulohinlc ■ E s te r . - ■
■ (h) With chlorine In chloroform so lu t io n * A slow
s.tre&m of dry ch lorine was passed fo r  U 5  hours in to  a /so lu t io n  
of l{*4 ~*j«,.0 c ty l  d l-p -to luene  sulnhl riate 15g*} *-28* 18,..,
1 = l .o ;  n™‘ 1.5054 in  chloroform ( 6 5 c c ) ,  and a f t e r  6  days, 
the so lu tio n  was d i s t i l l e d , - in  a  cu rren t of steam, and the 
d i s t i l l a t e  ex trac ted  with chloroform., The product obtained, 
from the d r i e d .e x t r a c t ,  on. f r a c t io n a l  d i s t i l l a t i o n ,  gave
Q
f r a c t io n  I ,  b*p# €5~75 ■ /20mm*, which contained ch lorine  and-
had 3“ h  + 1 3 . 6 %  1 « 1.0; ns; ” 1.4606; fraction H .- b .p .  ,
g o -1 0 5 0 / 2 0 mm•{m ain ly . 1 0 0  0/SQmm,), whlch contained ch lorine
and had Csfea +15.2% 1  = 1.0; n * f 1.45631 f r a c t io n  I I I ,  b.p,
1 1 0 - i 2 5 ®/2 0 mm.(Bainly 1£5 ° / 2 0 mm.),  which contained a l i t t l e
sulphur besides chlorine and had <xS*ei +-15*32% 1 . = 1 , 0 ;
n%f 1,4662; and f r a c t io n  XV, b,p* . 130^145°/20©m., which D
contained more than a trace  of sulphur besides ch lorine  and,had 
alfei +>2.56% I  = 1.C; n8/  1.4S69.
104 .
Fraction I was dextrorotatory.f?^chloro*ootane containing
some o ctylene dichloride * The h igher-boiling . fraction s ’
(X I,III and IV consisted of more highly chlorinated p^chioro*
octanes, as ,they were sim ilar to the products obtained in
experiments described below/.. . ,. ,
Th e a c t l  o a  o f  chi or i  no on o c t  yl $ ne •. . Hydrogen chloride .
was evolved.when chlorine { 4*8g.) was.passed into, a so lu tion
of oetylen© ( 6g*) in  carbon tetrachloride ( t.5ce*} The.
so lu tion  was freed from chlorine and hydrogen chloride,, the
solvent removed, and the product system atically  fractionated#
.The, largest fraction  obtained,. fraction  X, which was octyl©n©
di c h lo r id e h a d  b.p* 9O-115° / 21mm*, n^s 1.4509; more highly
chlorinated products made up fraction  I I , b .p . 115*135°/22mm*,
nBjj* 1.4691, and fraction  I I I ,  b .p . 135-155°/£2nun,, nEDB° 1. 4820.
This experiment was repeated ,. except that only su ff ic ie n t
chlorine ( 3 *Sg*) was passed into a so lu tion  of.© etylene
( 5 . 6g») in  carbon tetrachloride to-convert the ootylene
completely in to'ootylene di chloride* .Bid© reactions again
occurred.,-however, and in  addition, to ootylene d i chloride, (6*56-]
b*.p* 93- 95° /22m* f n®^ ,. 1*4507, a h igher-boiling fraction  was
obtained, b.p* 95*120° /£ 2nim*, ns_® 1.4606*.D
...... (b) With chlorine water.
X(*-}-p-Octyl dl-p-toluenesulphinate ■ < 4Sg*, ->24*16°-.
3s,. » 1*0 , nSp 1*5671} prepared from l(*“)-p*octanol
*9 .46  ., i  » 1. 0 ) , was shaken with a solution, of. , 
chlorine ( tt»55g*> 0,91 mol*) in  water { t?50cc.}» T his, 
so lu tion  of chlorine was prepared by passing the gas into . :
water a t  0° and was used immediately i t s  concentra tion  had J
beon determ ined,' The chlorine was a t  once absorbed and 1:
p*toluenesulphonyl chloride c r y s ta l l i s e d  from the mixture, 
which was subsequently d i s t i l l e d  in  steam* The d i s t i l l a t e  
was ex trac ted  with e th e r ,  and the product obtained from the 
d ried  e x tra c t  sy s tem atica lly  f ra c t io n a ted . A fter the removal ' :>
o f  a small quan tity  of octy lene, ’th ree  f ra c t io n s  were Iso la ted !  
Fraction I  { 7 g .) ,  b .p . 72~74°/2?ibeu , ns/  1.427*, aJjVi +25.56° |
{"j. a "1,0) which was mainly dex tro ro ta to ry  p -ch lo re-oe tane | \
fra c tio n  I I ,  b.p. 75“95°/27mm.j and fraction  I I I ,  b.p, j
'95** 1 toV2?mm* F rac tion  I,, on r e d i s t i l l a t i o n ,  y ie lded  dextro** I
ro ta to ry  f-ch lo ro*octane5 b*p, 68.-69°/22mm., 1*4271, and ,
s i te * '  +26*20° ( X ~ 1*0)*. F rac tions I I  and. i l l  were ag a in . j
d i s t i l l e d  and separated in to  f r a c t io n  (a ) ,  b.p* €9 - 90°/ 22mm*, |
n*0 1*4286, +16*64°! f r a c t io n  (b ) ,  b*p>90** 105°/£ 2mm,*
I . 4451, ’a**** +Q*8 t°s and f ra c t io n  ( c ) ,  b*p* 105- 120°/g 2mm., ;
1*4547,' '*4*84°.1 a l l  X ~ 1/°)* These f ra c t io n s . , /  j
however, were too small fo r  f u r th e r  investiga tion*  :|
( c ) Wi t h  .bromine'in ..chloroform, so lu t io n *
Bromine'( 9s*) in  chloroform ( 50cc*) was added to  a so lu tio n  
o f 'l(~ )~ g ~ o c ty l dl~p~toluenesulphlnate ( 15g.) in  chloroform j
( 15ce*) a t  0°* The product obtained a f t e r  the removal of the J
j
dry, bromine-free chloroform was separated in to  two f ra c t io n s  j
by d i s t i l l a t i o n !  f r a c t io n  I  { 7.9s*)* b.p* 75*80°/pQmm.5 
f r a c t io n  XI { 2 ,7 s*5» b.p* 110- H 5;0/ 20ir4a. F rac tion  I was ' |
a dex tro ro ta to ry  f^broino-octane and a f t e r  repeated  d i s t i l l a t i o n  !
i t  was f in a l ly  obtained with b.p* 76*?70/18mnu, nB$ 1.4598 and
&5ie*. *24.6% X ♦ * 0* V F rac tion  I I , ■■dibromo--octane, was
: The ac tio n  o f  bromine:on -oetylene*-'. ... Bromine { 7,*?g.*) In 
chloroform' {' fOac.) was added to  a ' so lu tio n  o f .octylene { 5*%*> ;
consisted e n tire ly . 'o f  dibromo-Qct&ne* b*p*: .114-1 ♦6°/2Qmm*
hypochlorous. acid-( 9*44g*, !*f2molo*} In water ( 2QQcc*}*r
This solution of hypoehloroua acid was prepared by the method 
described in  * Organic Syntheses* *, ¥©X*?,p*33s and I t s  
concentration determined immediately, before use*.. A fter the 
es te r had been' shaken with the acid for 45 m inutes,-the
so lu tio n  was d i s t i l l e d  in  steam .for .20 minutes. The non­
volatile  residue  was ex trac ted  with e th e r s . i t  consisted ' of
with e th e r ,  and.the product sys tem atica lly  fractionated*: th ree  
main fractions.being obtained* f r a c t io n  I { .g*6g«}» b.p*
35*4P0/  BP sun# * which rap id ly  deco lorised  bromine water and
obtained on r e d i s t i l l a t i o n  with b.p* 134-Mb / 2 0 mm», n ^  U4925* 
2 &° 0and «6*si +2,16 , i  = 1*0j (Found! B r,58 ,5 , Calc, fo r  C6Hi8Br8: 
Br,58,9/<). .
I n  bhlcrofoma ( . tQoc*: maintained a t  .0 .The' product i so la te d
and n”  1.4935*
(d) '•'•With'- aqueous hypo chlorous . acid*
I t - M - O c t y l  a-P-toluenosulphinato ( 4 3 * Y > D. 1.5054,
© oa»46* -*30*76' , 1 « J*0) r prepared, from !•{—)-p -o c tano l . 
C .&?*«* » . 1*0 }* was shaken with a so lu tio n  of
ch loride  ( '9g.), m*p*70% then c ry s ta ll ised *  The f i l t e r e d
1(—)~(5-oetyl p*toluenesulphonate C IOg*} and had 3*4871,. 
ttJSei -7.64°, i  « t*o» . The steam d i s t i l l a t e  was ex trac ted
consisted  o f octy lenei fraction- IX ( 0,8g*'},/ b*p*6S~7-2V§Smm*, 
which a f t e r  re& is ti lX ation  k d  a” ° 1*4255' and’’a®*** *24*36%
JL ** UO, and was d ex tro ro ta to ry  ^chXoro-oct&ne;' f r a c t io n  I I I  
{. 5 *%*) r ' b.p* ■ 82- 8€ ° /2giam* ,:: which was d .(*l-f-oct& noi: and had
S 0° Q+7*0 , ^  « 1. 0 . f  h is  d{+)-£~oct& no 1 was fu r th e r  , '
p u r i f ie d  by r e d i s t i l l a t io n *  •. ' I t  was" o b ta in e d ' with 1 *4273»
© ©° * . 0^s4 6 i +6*44- , 1 « I#0*; and wair now - pur#,; since' on further ■
d is tilla tio n  I t  { Sg,) had 'n*£ »,4S?0 and estJfsi +6,60®, \  = 1.0. ;
This experiment'was-.repeated.-with 1M-P~©ctyl dl-t>-toluene- j
eulphlnate ( 20g .)  a Sj®" t . 5086, ag*«i .*26,53°, I  *,»,G , ■ . j
and & so lu t io n  ©f. hypo chlorous ac id  ..{ 4g»,l*02 mols*} in  water 
( 132cc.)* The products obtained were s im ila r ,  being (a).impure 
octylene* b .p .  up to '4O 0/I7mm** n1® 1*4148* "(b) dex tro ro ta to ry
;  ■ .  ,  , w  o  '  . i
.p-ohl.oro-ootan#t; b*p* 56- 63° / 16mm*, n jf  3*4255, + 12.4%
j. a , i t o, and {o> d{^)-p-ootanol* b*p* 77^83W/ 15mm*.f u*q 1*4300,
u § 4s&% *7* 28 C J..s*'t * 0) *
. In  order to prow© th a t  the products described above did  not
arise  from 0-o c ty l p-toluenes-ulphonate, in to  which i t  i s  j
po ss ib le  th a t . th e  su lp h in lo .e s t e r  might haw© been converted . j 
b y 'the hypo chlorous; acid^'lC—J-p -oc ty l p-toluenesulphonate , j
( 1%*) was treated in' an id en tica l maimer-with 66ce* of the !
same hypoehloroua ac id  so lu tio n * 'A fte r  shaking, th e  mixture . j
* *• ■ ■
was d i s t i l l e d  in  steam*. lo  v o la t i le '  products were obtained.
.• S im ila r ly , i n  order to  prove th a t  the products d id  hot a r is e  
by the in te ra c t io n  of p-octanol and hypo chlorous a c id  { th e '  
p-octanol a r is in g  owing to  the hydro lysis  o f the su lph in lo  
e a te r  under the conditions o f  the experiment), l(*-)-p-octan©l
{ iOg.) ;waa .shaken with 66ec* of the so lution-of hypoehloroua 
acid. The mixture was d is t i l le d  in  steam,,/and' the alcohol 
Iso lated  with ether* I t  had undergone some change, since' i t  
could' be 'separated by d is t i l la t io n  into' two. fractions: frac tion  
I ,  to.p. h3^ " 1,4194, a * « i  -3«32S( 1 = 1,0), and
fraction I I , ' b.p* 75-830/17mm., U4260, a | f sl -7,080{iL = 1.0).
T h is 're su lt Is 'co n s is ten t with the view tha t' the i ;(^*)-p-octanol 
was e ith e r p artly  oxidised to the corresponding ketone and /o r: 
p a rtly  converted into dextrorotatory p-ehloro-ocatne* The 
amount of reaction  which Occurred wasy however, small and the 
nature of the products obtained clearly  shows tha t in 'th e  
experiment.In which 1(—)*p-octyl dl-p-toluenesulphinate was 
used the dex troro ta to ry ' fUchloro-octane and p-octanol produced 
were derived from the In te rac tio n  of th e ■sulphinic ester-with' 
hypoehloroua acid*
( l i )  ■ 1 (~) -Phehvlifleth.vlcarbinvl d l-p -Toluenesulohinate* '
■(a) With aqueous hypochlorous ac id *
1{—)**PhenylmethylearM.nyl dl.-p- tolue no a ul phinat e { 26g*., " 
prepared by the method of Kenyon and P h illip s , J* ,1930,1681, 
from 1.-alcohol with -12*72% &. ~ was shaken with
t35eo*' of a 4*0t5;C'solution of hypoehloroua acid ( ’Organic 
Syntheses} IF,3 !)' and kept; at 0° for 12- hours*- The white so lid  
which had separated was removed, washed with Ice-cold lig h t 
petroleums and recrys ta l l ! ssd from th is  solvent* I t  then had'. 
xup.6-9%- alone and when mixed with p«toluenesulphonyl chloride*
.fhe f i l t r a t e  from th e  white. c ry s ta ls  was ex trac ted  -with the :
l i g h t  petroleum..with which the c ry s ta ls  had bean' washed, and
th e 'e x tra c t was washed with d ilu te  .sodium hydroxide so lu tio n
and water,-dried-and d is t i l le d , , .  After, removal of .the so lven t
0
two frac tio n s , were ,obtained:- f ra c t io n ,  I* (. 3s,.) 'b ..p* ..;42»46 /ITmm, • 
which consisted  mainly of ...styrene |: f r a c t io n  XX;.,.. -.Wp*.. 7$~80®^f8msu 
which, consisted  of impure t  ^ chlo roe thy IbenEo no* ■.. fhtn. p u r i f ie d  
by repeated  d i s t i l l a t i o n ,  f r a c t io n  IX sa fe  ehloree thylben&.eme
( fg.)» -b.p* 74-76*/t6iam.* 1.5335* sad , « n h ’ +°*9C)#Ci. *  ° -5 ) .  ;j
.On cooling, the n o n -v o la t i le . residue which remained a f t e r  
these f ra c t io n s  had d i s t i l l e d  set: to a. sem i-so lid  .mass.,. b u t * .
I t  could not be Induced to y ie ld  a pure product*
(b) With ch lo r in e 'w a te r* ’ ;fc|
The experiment.ir&s v,condtwv*<* i i  s im ilar , maimer to  ( a ) ,  with ;H:
, a solution of chlorine C-7«?g*}-. i n  water (1450cc*)> . H ' 1
p-Toluen©sulphonyl chloride was again obtained, but the : ;
v o la tile  product ..contained' fa r  lesa.:styrene.* ...It ( 3*?g*.} 
consisted almost en tire ly  of a*chloro©thyIbensene contaminated 
with 'laevorotatory  alcohol, produced by the hy dro lys is  .of -, the 
i-su lphinate*  I t s  ro tatory  powers- a f te r  three..successive 
d la till& tio n s . were respeetively  -0,2.1a,. -o * t50 and -0* .1 0*
( A * .0*25), The chlorine content was s t i l l ,  low. ( Found;-.
■Cl, but the product. could not be d is t i l le d  owing to },v
i t s  small .volume# A non-volatile residue sim ilar to  that-'.-., 
obtained in  (a) remained unidentified . ; :
110*'-
".To)v"lWitfobromine. w ater*
The 1,+dl-sulpliInate' f ‘ 26g*Y' prepared 'from  i+dl*alcQ hol' with. '
■, es ■ /-v ©
*5*.£B ,( 1 . 25 ‘0 *25)" '.was'' trea ted ' with a' 'solution ' o f  
bromine ( 1.6,;9sf) In  water ( SOObc*!f ' ^ ^  'produita ' i s o la te d  : "' 
as  described in  ''{aj'^consisted' o f  p^ialuenesuiphohyX bromide' '
'Ct4g*};» m%p« and mixed' m*p Y’ 97*» a ,:¥ery Email ■ quantity Of 
s ty rene , b*P*- .JOxgo0/ 23mm*y 'and ^Ybrofcoethylbehsene C found*"  
'Bf*43*3.- 'CaleYy 43*2?)* b«p* 8 6 *8 8 * /15 - 1  t o •»: a®/ 1*5393 and
<4*** ~:o.25K
(a) With' an'aqueous" so lu tio n  'of.: 'iodine /monochlorideY 
The '&l~sulphinate { :19g*)' was ' shaken with" a'- so lu t io n  of "
Iodine ' monoehlorido , C i f  • 8g*. f  in  water { £50cb*) prepared 'by 
by ’the .method of Orton ( ' J* ,1900,22#03°)*‘ • 7h© produQt0 »-.;\ 
i s o la te d  as described in  ( a ) ? ' consisted  of p-toluenesulphonyl
o
iodide y  cup, and mixed cup*88 * and a~ehloroethylben&eme» 
to.p. 72-73V?4-15sBm., ana n8/  1.5S5Q. .. . .
I l l  fALDSK 1HVERSI0H REACTIONS OF THE p-IQLUENE- 
/  SUUBOKIO ESTERS. \
( l ) / l (~ ? *M >etyl o^Toluenesulohonate« ' .
'■Y:'v Ca)' With lith ium  ch lo rid e ,
l(-}-p-*0c ty l  p-*toluomsulph6nato‘ { ‘ t3g* > *8*20 * ' 1 "= l*Of
£i°njj t *4940), prepared from l(*-)~P*octyl di* p*toluene'sulphlnate 
•by' ox idation  with potassium .permanganate’{' P h i l l ip s ,  l o e . c i t *, 
p«258i ) y  was h ea ted ’under re f lu x  f o r ' 30 .hours ; with a s o lu t io n  
of l i th iu m  chloride { 6*5g.) in 'e th y l  a lcohol { 5Gco*)* The
■reaction mixture ■ was p o u red in to -  water- -and ■ the o i ly  product.-- - 
which separated w as•is o la te d  w ith ' e th e r* - I t  conslated almost 
' e n t i r e ly  of : d e x tro ro ta to ry : £ -chioro- octane which, a f t e r  - - 
repeated  d i s t i l l a t i o n  was; o b t a i n e d ■ 2 »$&*' ) \w ith b*-p# ;:70®/26iaia*, 
+ t ? . € 8 8 { 1 =  t » 0 ) ,  and  n Be° t»4262 . :  -  - •
XV THE 1’REI‘ABAX'ION OF OFSIGALLV ACTIVE :
CJ£LOROFOK«aC ESTERS.
(d) 1(~)-0-Octyi; Ohlorofo r n a t e .
fM s  e s te r  was prepared according; to  the method of 
Hunter ( J ♦, 1,924»125* 139It by the In te ra c t io n  qf octanol
and carbonyl ch loride in  the presence of^one molecular 
p roportion  o f - a t e r t i a r y  base# , l{-}~fi-0e teno r {' a2g« , 
tt**ex * 1  « 1*0 } was slowly added to an ice-cold mixture
of quinoline ( 81g*)-and carbonyl ch loride  { !?Og, of a JO f 
s o lu t io n  In  benzene}# A fte r  hea ting  on a steam bath  fo r  one 
hour the re ac tio n  mixture was washed,, twice with w ater, th ree  
times with d i lu te  hydrochloric  ac id ,  again  twice with water 
and finally  dried  over anhydrous sodium su lphate . On removal 
of the so lven t, the re s id u e , on d i s t i l l a t i o n  y ie lded  
l{~)-£-0etyl chloroformate ( b.p# 95*96®/16mm*, n*^  U428Q,
»!*«*. *26*05** A « 1#° t yield? 22g*}«
(11) 1 (^}-Phenylmethylcarbinyl: Chloroformate»
As a r e s u l t  o f a s e r ie s  ,of attem pts to  prepare th i s  e s t e r  j 
i t  was concluded th a t  i t  was slowly converted in to  a*ehloro- |
■ e thy l benzene when d i s t i l l e d  a t.  80-9$®/13mm*- the  e s t e r  was 
th e re fo re  not a c tu a l ly  i s o la te d  fo r  the reac tio n s  h e re in
described* , In  ;an .experiment with .o p tic a lly  .; in ac tiv e  m ateria l 
specimen- of the dl*©ster was iso la te d  { Pound? Cl, . 15.2? 
.'CoH®0s-Cl . requires. 01,;, .t3*.8$}' by. a .procedure s im ila r  fo r  the 
p♦octyl e s t e r  using potassium carbonate ( 2  mois*) i n  place 
of the qu in o line#
y  ' f  HE EEAOEIOMS OF OPIICALLX 'ACTIW ClIEOEOPOElia ' ! - 
. ESTERS* ’ ' 4 :
Ci) ■ I ( ~ ) - ?~Qctyl Chloroformate...
,: (a) With .not as slum .ace ta te*
A ..vigorous evolu tion  of carbon dioxide occurred when a mixture
O f. l{-*)~0~octyl- chloroform ate. ( tOg#). and potassium ac e ta te
( 7#5&** 1*5 mols*) was warmed* Prom the p roducts , ex trac ted
by anhydrous.'ether'from.’the .excess-potassium a c e ta te  .and the
potassium ofelorid®. formed, -a. small f r a c t i o n , . b.*p* up to 83?/28m •
was i s o la te d * , I t  was unsatu ra ted  and consisted  mainly of .
Octylene* fh® main f ra c t io n  ( J*7s* } had b . p # 85- 9 1 / 28mm*,
 ^0 0 
.1*419$' and ssllei *2.# 1 ; M  35. $*£$.)•* .On systematic-"
r e f ra c t io n a t io n  i t g a v e  two f ra c t io n s? .  F rac tion  I  had. b.p*.
66^  n B : .1*4192 and ■■ttSJUa, ( j , > 0 * 2 5 h  ■
0 *75OOg*.. required  . 0*0339g*- of potassium ■ hydroxide fo r
complete hydro lysis  ( ;cale.- fo r  > * o c ty l a c e ta te ,  0.2442g*J.,
t h i s  f r a c t io n  was .there fo re  almost pure - l(~*)~p-octan0l t '
which has . £?!£$* • -9 .60° { 1 » 1. 0 ) and. nn£  t »4256. . FractlonXI
had b*p* 90- 9 1° / 31mm., aSfe*;*2. 't00 ( I  ~ 0#25), and • \  : .
r®® ■ 1 * 4 1 3 7 • -0 .? 04Og* required  O*t?39g*.0f potassium hydroxide
i t s ;
for 'com plete-liyarolysis. ( 'calc*, fo r  f^oc ty l ace ta te , .  ©*2294g*.)Y 
This f ra c t io n  there fo re  consisted  la rg e ly  o f 'l(~ )~ P ~ 0c i y l ; ' 
a c e ta te * which has . *»$*$<>* .'{ .1 ;» ? *.0 )' and n*£. 1 *4168*.
’ .I t  I s  'thought th a t  the" presence o f  the f-octanol, may be 
explained  by the. in te ra c t io n  of ;the mixed anhydride with 
a d v e n ti tou s 'moIsbure*
■ tb) With potassium. acetate in  ethyl-alcoholic so lu tion*
A. so lu tio n  of It*-)-P-octy l chloroforrnate ( 8 * € g , ) and 
potassium &e®tato ( 6 * 4g * * 1*5 ,mols* 1 i n  e th y l  a leohol { 40ce• J 
was heated under re f lu x  on 'a  steam bath  fo r  one hour* The 
re a c t io n  mixture was then poured in to  water, and the  product 
i s o la te d  in  e th e r .  I t  ' 'consisted  C 4*2g«J of l{~)~P~0ctamol* 
b.R. S3-83®/25MB,, tta®ei -2.41® ( I  = 0.25-)-, and .a8/  <.4259.
No raoem isation had occurred, since t h e ■chloroform!c ester-' 
used was prepared, from l.{—J-p^ootamol with &S *«*.*■# *51° ( 1 ~ 1*G 
In  order to  prove th a t  the 1 (*»)'-^-octanoi d id  not .a r is e  from 
■ the in te ra c t io n  of the p -oc ty l chloroforms to',and e thy l ' alcohol* 
a so lu tio n  of the chloroform&te in. e thy l alcohol, was examined 
a f t e r  i t  had stood fo r  10'.'days*. I t  then contained , .
l{~)-*$<*oetyl. ehlorofo.rmat@: and £*octyl e th y l go m a te  ,
( .Hunter* lo.e. o i t . ). and was free  from .It^J-^^octanol*
(o) With notassium benzoate.
.!.(—)^^OOtyl cliloroformate' ( 10g*) and potassium benzoate 
( tOg. 1*2 . mols*) :• were heated to g e th e r . on., a steam bath fo r  
. 6 ' hours* and 'th e  mixture.;was then cooled and ex trac ted  with- 
anhydrous e th e r * . From the e th e rea l  ex tract*  an o i ly  residue
was. obtained' which "did "hot contain ims&turated products and ;1
on d i s t i l l a t i o n  separated i n t o ' two f r a c t io n a l . F rac tion  I 
( 2 , 8g . ) , b .p ,  80«go0/g8iam,, a 8^ ’ 1.4255. tt**** - 2. 8?*( A = 0*25), 
f r a c t io n  XI-. { 3 .6 c . ) ,  b .p .  1T5-17?9/28mia,, n“ ° 1,4824, f  i
q
- 8*68  ( 1  sa: 0 *2 5 ) f f r a c t io n  IX was 1 {—) -p -o c ty l  benzoate 
and a fter  'further p u r i f ic a t io n  by d i s t i l l a t i o n  had b.p* \[
105-UoVtnm, * n ^ j .4 8 4 0 *  > 9 * a7 °(I  «;o*25) 5 !#0426g*.
requ ired  0*248-tg* . o f  potassium hydroxide fo r  complete 
hydro lysis  ( calc* for  I -o c ty l benzoate* ©*2484g*K 
Pickard and Kenyon ( J.** I§t5* I07* 123) record the following 
constant a fo r  4 (+}--p~®ctyX 'benzoate? b*p* 171 V 20©®* * 
nn* I*4887* «»JJa * 1. 0 ) . I t  may be concluded*
therefor©* th a t  t h i s  e s t e r  was obtained fro® 1  (-)♦#-©e ty l f;
chloroformate without lo s s  of ro ta to ry  power*
F ra c tio n  1 on red is tllla tio n  was separated in to  f r a c t io n  (a l
d ♦ 9
{ 1*2g«)> b.p* up to  89 / 30m m . n 8^ 5 1*4241* d!S*a -3 .32p -'
{ J, s  ©.25)# end f r a c t io n  (b) { U3g*)» b .p . 89-91 V 3 Q» * »  
n*p* 1*4256* ©**6* -2 .4 2 0{ 1  « 0*25)• F rac tion  (b) was ; |
pur® i M - f - o c t a n o l  and gave a hydrogen p h th a l ic  ester*, m.p. ■;J
75% a l l e i  -55 .?*J  I. * 2*$1 e *  5.525$) i n  e th y l-a lc o h o lic  '
solution* Fraction (a} also, consisted mainly of 1(—)-P-octanol* i*
but was contaminated with, an impurity containing chlorine*
(d).lUUL potassium benzoate in  e thy l.-a lcoholic  so lu t io n * 
A fte r  48 hours a t  'the ordinary temperature the re a c t io n  
It**)•’P -octyl chloroforms!® ( 8#6g*) and potassium benzoate 
{ 10*8g . ,  1*5 mole*} in  e thy l alcohol ( 6Ceo*) was completed
by Seating, tli© mixture under reflux . fo r  3' hours* fh® products 
were Iso la ted 'In  ether and system atic.fractionation  gav© (a) . 
l(-»)-p-oetanol ( 2*5s*)# -^rp*/86*860/24mm#f n ^ ,:-l,.4355r’ ;
aft*** -2*23 ■ ( 0*25) * which yielded a ’hydrogen phthalie ,
e s te r , m,§.74°, a |S** -55 .9s < 1  * 2.0, e = 0,2000} in  ethyl 
alcoh olic  solutions and (to) Impure ethyl benzoate, b.p. 102-104°/
3 ,  & * '  ' • o , i27mm* and nj) 1*49091 0*9554g. o f th i s  ethyl; benzoate requ ired  
Q*3448g*©f potassium hydroxide fo r  complete hydro lysis  .
{'©ale* 0*3S68g*).*, An au then tic  specimen of ethyl benzoate.
a Vswas found to  have n $  -1*5 0 8 0 *' the ethy l benzoate Iso la te d  
was contaminated with m  o p t ic a l ly  active, compound* - since i t  
had c |S « i  »0*3O°( "i's= 0 * 2 5 )* ■  I t  was not found, poi s ih le  to  ,. 
remove th i s  o p t ic a l  a c t iv i ty  by t r e a t in g  th e .ester .w ith ' ('
p h th a l lc  anhydride, in-pyridine solution*: -.On-the o th e r  hand* 
i t  was found th a t  a mixture of two so lu tio n s ,  ( 1). e th y l .- , 
henaoate { 2 0cc») containing l ( —)^P-octanol { ;.1*052g*.} and 
having a U « i—1. 3 7 *{ 1  = 2 , 0 ) and'n8^ 8’ 1 .5 0 6 5  and (2 ) ethyl 
benzoate ( 2Qoc*) containing l(*-)-*g~pctyl. chloroformata 
( 1 .1236s.) and having a?fal -2 .92°( 1  = 2 . 0 ) and n” *■ 1. 5 0 0 1, 
could b® freed  from o p t ic a l ly  ac tiv e  m ate r ia l  b j  trea tm ent , 
with phthalic anhydride* and pyridine* The e th y l benzoate 
Iso la te d  was the re fo re  not contaminated with e i th e r  p-octanol 
o r  fi-octyl chloroformat©* The nature of th i s  o p t ic a l ly  a c tiv e  
im purity remains obscure*
. if.6*
- (.«} ' With potassium th lo ao e ta tev  
When .l{-r)-p-0c ty l  ehlorof ©rm&te1 ’ ( 9 *6g*j V.f is@l. ) was added 
to  potassium' thio&cet&t© ( 5 «7&« * 1 mol» )V a "gas was evolved 
which d isso lved  "In potassium hydroxide so lu tion ,' g iv ing r i s e  
t o  potassium sulphide*. ' A t t e r  "the":mixture had been heated 
under-reflux  oh a' steam' bath  for. 12 hours*' i t  was t r i t u r a t e d  
'with dry ether*. ' The h igh -bo iling  residu e  from th i s  e th e rea l  
•extract d i s t i l l e d  almost e n t i r e l y ' '( 5 *3&*) a t  80-85° 15mm*. 
A fte r  r e d l s t m a t l o n ,  -b.p. 7T-78°/tOiam. , i t  M  a  1.4186 
and a t J I i  -1.78° ( 1  * 0 .25): Pound: 0 ,70 .5 ; H.11.8.
Calc* ’ fo r  C*oH*$0*r C ^ o o t y l  a c e ta t e ) ? 0 ,69 .9; 1*11*6$.'
A fte r  fu r th e r  p u r i f ic a t io n  the  acetate- had h ,p* ' 73-75°/ 10mm* t 
n1^  1.4178 and s j f 6i  -1.43® C 1  = 0 .25): Pound: 0 , 69. 1s 
H, 1 U4$* I t  contained a ' t rac e  of ' ch lo rine . From these' 
r e s u l t s  i t  can be .concluded th a t  :l (~ )*p*o c ty r  a c e ta te  was" 
the main product of the re a c t io n  and th a t  no racem lsation  
o f- th e  l{-)-f?~oetyl ra d ic a l 'h a d  o c c u r re d . '
i t )  With sodium' p*to lu en esu lp h in a te ." "••
A mixture of i W - f - o o t y l  ' ehloroformate and anhydrous 
sodium p^toluenesulphin& te'w as'kept fo r  10 'd ay s , '. The product 
was then d i lu te d  with 'IQQco* of e the r  and f i l t e r e d /  and the ■ 
e th e rea l  e x t ra c t  d ried  with anhydrous'sodium1 sulphate* A fte r 
removal of the e th e r  by d i s t i l l a t i o n ,  the o i ly  product gave 
a '- f ra c tio n , h .p .40-50a/0,1mm* *■. which was unchanged f -o c ty l  
ehloroformate; the residue showed signs o f  decomposition and
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the d i s t i l l a t i o n  was th ere fo re  discontinued# .The dark colored 
re s id u e’ was Impure !{-*)-p-©etyl d^-p-toluenesulphlnate* I t
was hydrolysed with a lcoho lic  sodium hydroxide and the 
l ib e ra te d  1 (~)-p~©©tan©1 was is o la te d  in  the-usua l manner*
I t  had b .p . - 66-87’8/23mm*•» xi^ 1.4256V' had #,8.60° ■
{ 1 a 1. 0 )* The l { * - ) - p - o c t a n o l V - w h i c h  the eh lo roforn ic  
was prepared had ht® 1.4263 &hd «*£** { 1 * 1*0 )*
T"* i
I t  can'he concluded, therefor© , th a tK - J - f -o c ty le h lo ro fo r m a t©  
re a c ts  with sodium. p -to lu en esu lp h ln a t© to  y ie ld  1 (—)-p -o c ty l  ' ' 
d l  *p~toluenesulphlnate. and t h a t ' s l i g h t ■racem iaation of the 
o p t ic a l ly  a c t i v e ' oetyloxy-ra& ieal may occur during the re a c t io n
(e) With sodium 't>-to luenesu lnh lnate ,! in '  e th y l- 
; a lco h o lic  solution*
A fte r  a 'm ix ture  of K -J -p -o e ty l  chloroformate { 32&*)» 
anhydrous sodium p~tolue*$esulphinate { 40g*$ 1*3 mols*) » and 
e thy l a lcohol ( f160cc*) had stood fo r  3 days, i t  was heated - 
under re f lu x  fo r  1 hour. -" The' re a c t io n  mixture was then 
poured Into  w a te r 'an d 'th e  o i ly  product-which: separated  was 
ex trac ted  with e th e r .  The low er-bo iling  product obtained on' ■ 
d i s t i l l a t i o n  was l{ - ) -p -o c ta n o l ,  b.p* 80- 85°/ I 7mm.» '"•
n8/  1.4247 and a | f 6i -2 .319 ( i  ® 0 .25) .  th s  h igher-boiling  
f ra c t io n s  consisted  of mixtures of e thy l d l - p - toluene sulchinate 
p -oc ty l ethyl formai© and probably p-octy l ,&l-p-toluene* 
eulphinate.
(11) The Conversion of lf*~)~S-Qetwl and 1 (—)-Phenv Imeth.v 1- 
•.carhihyl"' Ohio ro format ©s',into .Dextrorotatory and . 
kaevoroWatery C hlorides,' /  . '
f a ) ' The,-conversion of 'IC^I - i - e o t y l .ehloroformate 
' ' Into' d e x tro ro ta to ry , fi-chloro~o©tare »■
. Carbon dioxide was" evo lved ' when l'£*~) ~p-octyl.' ehloroformate
* - $
£ %•* &%%&x -88.94 , 1 tss. 1 *0 } was heated, w i th p y r id in e  (, 2% . )  
on a steam 'bath  f  o r ' f hour. The pro-duet was "poured: in to  d i lu te  
hydrochloric  /acid and the o i l :which separated  - was:ex trac ted  ' 
w ith e th e r .  The e th e r  was removed_from.the dried ' e x t ra c t  by 
d is t i l la t io n - ;  the  re s id u a l  oil," d ex tro ro ta to ry  p-ch loro-octane, 
a f t e r  repeated  d i s t i l l a t i o n , ,  had b .p . 65-66*/1.S»hu.n9/ : 1.4265 
and a | f e l +31.76° ( 1  = 1. 0 ).
(b) The; conversion of !(••»)-S -o e ty l eliloroformate ' 
in to  laevo ro ta to ry  0- ch loro-octaneV’ •
A s te ad y  evo lu tio n  o f  carbon dioxide occurred when"' 
T{~)~p~©otyl ehloroformate ( 1'3 s ^» ■ ' .  *20.53 .* 1 * KO) 
was-heated a t  130s fo r  f4 hours*. The product, b*p* 55*56°/ 10mm*, 
laevorot& tory l-ch loro-octa ji#  { • Found; 61,23*5* .Calc. 23*9%) * ’ 
had n8/  1,4273 and a lle x  * t f .5 6 * '(  I  = t .C ) .
( 0) The conversion of 1(—)-phony im ethvlcarblny1 ■ 
.ehlorofornate, in to  .laevo ro ta to ry  a -eh lo ro - .
' ethvlhenzene. ■ '"" -
(a) .In the./preflence: o f ' .quinoline. ( 1 .25 .mols*) ; A fte r  . 
:quinoline (■8 .2gV)"had been 'added.to  ah ice -co ld  so lu t io n  of 
carbonyl chlorld© ( 1.25 s o l a . )  in  toluen® {' 50g . , 12. 5% so lu tion )
1 {-*)-ph.enylm6t.hylcarbinol ( Houssa andKenyon, 1*, 193O.,22605 
. 6 . t , c$ *S i  ~ *3 * 1 * * i  « . 0 , 25) ’ was added from- time to time 
In  email "quantities''*,' fixe re a c t io n  .mixture, a f t e r  being kept 
fo r  •‘jpfcwr#, m e  'heated on a steam' 'bath ; fo r  I hour and then 
washed 'with water, d i lu te  hydrochiorid aeld*. and f in a l ly  with 
water*' \ f  he . toluene (dried  with anhydrous sodium 'Sulphate) was 
. removed by d i s t i l l a t i o n , . and th e : re s id u a l ' l&evorotatory
$ ■ ■. ;.•■■ .:■:7.■,.;■;
a*chlor6~ethyXtoe^^$ne, ?0 /ISmauY repeated ly  d i s t i l l e d
u n t i l  th e  r e f ra c t iv e  inde# remained una lte red  { ■ found;, 01,2^.3* 
Cale*y 25*2$)* I t  { 2*%*} then had 1*5280 and’
-4.05° ( 1  * 0 .2 5 ) , /
($}■ ,ln"the presence • 6 f •potassium.' carbonate*-' ' 1+&1-Ph®nyImeth v l-  
carb inol { tQg*, cS te i * 15*5$ *' I '*5 $.*53 was-added slowly, to  a 
1 So lu tion  of carbonyl chloride { I *3 mols* ) ' in  toluene { 9% .»
' 123$: s o lu t io n ) ' containing potassium -carbonate' ;( - 'H .5 s* t2  mole*)-* 
When the " evo lu tion  of..; carbon dioxide had ceased, the so lu tio n  
was - f i l te re d /a n d ' d i s t i l l e d ,  ' A f te r  the  removal.;:of :the to luene, 
the residue  was: s e p a ra te d ■in to  two f r a c t io n s »: ■b o th ' o f :which ; 
consis ted  of laevorot&tory d:-ohIoro-ethylbensene contaminated 
with I^dl^-phenvlmethvlcarMnyl ehloroformate* -F raction  I ,  
b .p .  7 t-7 60/15mm, ( found.: 61, SO,5 f ) ,  bad h * / 1.5253 wad"
- I t . 39® ( 1 =  0 .25 ), whilst, f r a c t io n  H r  b .p . 80-959/?5nim.
( Found: Cl, 82.7*)► bad »•* t.5257 and s f h i  - 6 , H e( 1 * 0 . 2 5 ) .
■(&)-'■■- The -eonversion. of l.(:^ )*nhenvlmefhvlcarbinvl 
,,..ehlorof ormate' in to  dextrorotatoryptt-ehl-oro*
. .Sethylbengen&y ■
($,)-. In  the presence o f  „ aulnollii® • C S. i o l 0 t ) ♦ l(~ i-Phenylm ethyl- ; 
c&rbinoi; f. .£*,!g.*f I /mol. }.■ was added to  a toluene so lu t io n  of 
.carbonyl; ch loride  ( 1 mol*) and ■ quinoline ( 3 eioXs*)-, amelth® 
ft-ehloroathylbenzan© is o la te d  as  described ,In  (®) above *
-After repea ted  d i s t i l l a t i o n ,  t h e :d ex tro ro ta to ry  $**chlor©©thyl- 
benzene { ). ( Found.?; Cl* 24*9$)...had . b*p* 68 -69°/t tmm** ., .
a.*** 1,5288 and «{&* 0 .6 3 *  { I  = 0 ,25)*., .
VI IBB EALGGCTAtlOH OF l(-)-p-OCTAMOI* WSIKG SHIOSXI, 
CHLORIDE AJ® THE CHLORIDES AKD OXXCBLQBIBE OF 
FHOSFHORUS. ' ■
( I )  The I n te ra c t io n  of, l ( - ) - 0- Qotanol with \Phost&brua T rich lo r id e*
(a) In. t h e • presence of e th e r*
'A"vigorous evolution of hydrogen 'chloride ' occurred- when 
l(«*)»p-octanol ( 2 #8g*? - 9 3 8 ° ,  3, « d .O )t d isso lved  in
anhydrous, ether -( 2 vol8*}*:wa& slowly dropsd in to  an ice -co ld  
e th e rea l  so lu tio n  of-phosphorus' tr ich lo ride ':  ( 2* 99s*)* Ihe 
mixture, was gen tly  warmed, u n t i l  the evo lu tion  ceased and was 
then  cooled and poured' onto ice* The-  e th e rea l  so lu t io n  was 
washed with water and'with d i lu te  aqueous sodium 'carbonate. - - 
From the d ried  so lu tio n  a .dextroro ta tory  p*ehloro-octane,
"b.p*. 6o 9/ 12ms*, nSp f . 43,02 and +55*5° '( i  25 t . 0 ) *■ ■ was-'-
obtained*
121(h) In  th  © presence of e th e r  and zlno  ch lo ride* , *
A slow e v o lu t io n : of. hydrogen chloride 'occurred when : 
X (~)-r-oeianoi T  2 , 8g , , a j h i  - 9 . 88% J. = l.w ), d isso lved  In  
anhydrous:o ther ( 1 v o l . ) , was slowly added, to- an e th e rea l  
so lu tio n  o f phosphorus t r le h lo r id e  ' {/ 2 *95g* );:h2^ @^iug' anhydrous 
z in c ' c h l o r i d e J  *' , A fter, treatm ent as In (a ) ,  the e th e rea l  
s o lu t io n ‘ gave a ‘ dex troro taory  J^eh lo ro -o o tan e , b*p*. (>Q*/\2im*, 
n8/  ! . 4g?5, s l | U  > 23 ,15V ( ; i  » t ,S ) ,
' Co) In-.-the 'presence- o f  ether, and p y r id in e . 
l(*-)-p-0etanol :|  6,5g.S 0,05 mol. 5 alSVi -  9. 6G®, 1, = : 1, 0 ) ‘
In  ‘ anhydrous' e th e r  ( 2 Vol'S.),.. was added;to" dry - py rid ine  .
{ T*9s # ,‘ ‘0,1 m ol.}, and the mixture dropped slowly In to  an 
e th e rea l  so lu tio n -o f  phosphorus' t r i c h lo r id e  ( 6. 8g , , 0*05 mol,) 
In  an ice-bathu ' fh#" re a c t io n  mixture was then warmed, on a 
steam bath  fo r  10 minutes, eooledf ‘ and poured. onto ' lew*' ' The 
e th e rea l  e x t ra c t  was washed successively  with d i lu te  sodium 
carbonate '.solution,'"water , ■ d i lu te  hydrochloric ' a c id ,  and water, 
and f in a l ly -d r ie d  over ’potassium carbonate* fhe washings v 
remained c le a r  as long a s ‘they contained excess of sodium 
carbonate, '■ but when they were a c id i f ie d  an o i l  was'p re c ip i ta te d ;  
t h i s  ac id  product was ex trac ted , washed and d ried  In  e th e r  over 
anhydrous sodium sulphate* fhe n eu tra l  product, on removal of 
the s o lv e n t , ' when d i s t i l l e d  a t  le s s  than  0 , 1am* y ielded ' only 
a trac e  of unchanged fYoetanol and no p.-chi oro-octane's the 
le s s  v o la t i l e  n eu tra l  residue  { ' 3#5g*1 had b .p * 116-f 18° under 
l e s s  than 1.4379* «tJUx ~tS*84w, ; -31,40°
( 1 « 1*0), d£  0.9292, -d%* 0*9216 i FoundV 0,62 ,1 : H ,11*55:
Isa.
¥■*$ -5 .5* D i-P -oc ty l. .hydrogen phosphite s C^eHa603P , .
req u ires  '0,'. 6 2 ..Jt H, If A t  - 'F, . 10. \?.)* The ac id  product 
fa iled- to d i s t i l  a t  . a t  le s s  than 0. tens*, and decomposed 
-above., th i s  .tompera.turti- . &’ sample, a f t e r  hoing maintained 
.forborne tim e-a t 6Q-fQ® a t  l e s s  than u f tnia*-..ia o rder to remove 
to  la  t i l e  im p u r i t ie s ,  contained 10. of phosphorus'and had' 
an equivalen t { by t i t r a t i o n  with deci normal' sodium hydroxide 
and phenol ph tha le ln )  ■ o.f 191* fhese r e s u l t s  suggest' th a t  the 
ac id  product was. .a...mixture, of g -octy l dlhydro$en phosphite 
and, di-jS-ochyX hydrogen phosphite* ^
(11) The In te ra c t io n  of - 1 (~-)- p-Octanol with Phosphorus .
' Fenta Ohio r i d e . ~
(a) I n  'the presence,’, .of. .ether..*\q;T 
1 {—)-^-pctanp l. (; * 9<6^%/ i  £{1*9 ) i n  e th e r  ■
( : !0oo*)\ was added, slowly to a h o i l in g 's o lu t io n  of. - ■ 
phosphorus pentachloride  |  11.5s*) in  e t h e r '{ 2 0 ec .)* ’ A fte r  
the 'ev o lu tio n  of. hydrogen' chloride had ceased, ' the mixture 
was heated under re f lu x  for, !§ minutes, cooled and poured" 
onto ic e .  . ;fhe e th e re a l  e x t ra c t  was washed'and d r ied  w ith  
■potassium carbonate. On removal of th e .so lv e n t ,  a  dex tro ­
ro ta to ry  g .-ch lo ro -octam C \3g*J, b*p 68V21m©Vf , 1.4276,
- ! *ro ^
cSIU* '+ 15.64 ( 1 » 1 ,0 ),. was obtained* 'A small, quan tity
o f o e ty len e '1 0 .5g*) was a lso  i s o la te d ,  - but no o th e r  product. 
These products ' rep resen t a y ie ld  of '40$-of f^ehloro-octane 
and 5$ of octylene ca lcu la ted  on the o r ig in a l  0-oc tano l.
m .
(b) In  the presence of e th e r  and sine, ch lo r id e .
■ ' A slow-evolution o f  hydrogen 'ch loride re su l te d  when
:■ i  (—) * 0-o eta  no I { 6* 5g«» % ~9 * 62 * '4 -  t * 0)'; in  anhydrous
e th e r " ( I vel* } was added to -a"'solution of phosphorus . 
'pentachXoride/'C' tO:'3 gT) ' i n 'e t h e r  ( iG c c * ) covering sine  . 
^chloride ■ C;:6'.3g*:)i the\wholeV.t)eing:'iEaih'tained.&t''’5.00* : A fte r  
" 3Q 'minutes. * \ the . re a c t io n ' had subsided1 and ’th e  . mixture was -■
'eooXed and"'poured 'onto ice . . The ethereal layer was washed V 
'and' dried 'as previously deserihed; from: if*"' a' dextrorotatory 
"fi^ohioro-octane' ( :4.75i* ? 6 3 $' y ie ld )V bip*"- 6? - 6dw/ 2fmm*, . 
aflV i +15.04%{! =* t . P j P n 1^ '8' t.426T, was obtsln®d. Beyond 
a trace' o f " unsaturated ' product*" m" other substance was ontained*
(c) '-in  the presence of e th e r  - and p y rid ine .*
‘ 'A m ixture' of 'iC*-)-f'-©ctanol' {' 6 ,5g* i ’ 0 . 0 5 ' mol*} ( as 
i n , (b) .abdve) and p y r id in e ' C ?*9s* I 0 * 10 j&o’X*}' in  e th e r  
( 2Qce*) m® slowly’ added: to phosphorus ■ pen taeh lorlde  
( 10*5s»S Q»C5 mol*) in  e th e r * the'whole being m aintained a t  
.0% : ' ’A fter  .being 'heated  .'under re f lu x  for. 3 0 -' minutes * the '; 
reaction 'm ixture ''w as cooled*" poured onto-'Ice* and t re a te d  in  
the manner described under-phosphorus t r i c h l o r i d e :(e ) .
The washings*..'on ad d it io n  of excess of hydro ch lo ric  acid* ■ 
y ie lded  an ac id  product' as . a n 'o i l * ' which w as'extracted* washed* 
and 'dried i n  e th e r# " The■neutral p ro duc t.y ie lded  on f r a c t io n a l  
'd i s t i l l a t i o n  impure f  -chioro-octan© p. b , p , ' C -TGe7£%mu * and • 
a viscous l iq u id  which did not d i s t i l " a t  ' f 25 '^ a t  "less than 
Chtmm.aM decomposed above th i s  temperature* The dex tro - - 
’ro ta to ry  p-^chloro-octane * when freed  by 'd i s t i l l a t i o n  from a
small, quan tity  of oetyleme, ■ had ■ fc,p. 6 p'~7 0 * /8 i~£%m* y ■. . 
h l l 6 i :734,C5^*. C :i ^:d..vO):'and;.n^,,:; :t.*4t€5;".;7;"-;:
A no then experiment ? . performed: i n ‘ the . same. manner' wi th  ■ 
lW ~f~eetaaoX  C'.?>t75g » V . ' *4 . 0 * * / ^  y ielded
s im ila r  products I ,■ the / u n d i s t i l l a b le  residue { 4*5g*) w a s a  
l i g h t  yellow .oil*' aft©* •;*4*$8* ' (. 4"~"1. b) * A nalytical; r e s u l t s  ' 
obtained with a ; sample o f  th i s  "product which ..had been - h e a te d " -' 
a t  : fAoVasmm* gave : no. d e f in i t e  ■’ in fo rn a t ic n , but suggest th a t  ' 
the;product i s  a mixture of d i - " -o c ty l  hydrogen phosphate '" 
w i th ;a' l i t t l e  mono<*p*oc ty l dihydrogen phosplmte*,.
th e  a c id 'p ro d u c t•( previous page) was, d isso lved  i n 'd i lu te  
sodium hydroxide solution* non-acid"compounds were ex trac ted  
with e ther ,"and  the aqueous l iq u id  w a s 'a c id if ie d  with hydro- v 
ch lo r ic  acid* The p re c ip i ta te d  o i l  was.ex trac ted  and d ried  ■
C sodium s u lp h a te ) , in  ether* recovered* and bested fo r  "2 hours 
in  a :steam oven add then kept fo r  24 hours in  a vacuum* The. 
product { 3*?g*) eventually  s e t  to  a sem i-so lid  mass-. ( found:/
0, 45*8; H,8 .9 ; P* 14+4. 0alc*' fo r  d i - p-o e ty l  hydrogen 
phosphate, g^RmO**; 0 , 59*6* -P, ■ '?*$$• 'Calc* :”fo r  \
mono-p*actyl.dihydrogen phosphate, CeHi 9Q^Pj 0*45.1; H, 9 *Gj 
t » ,14*8$)» The product.was th e re fo re  probably a m ix tu re .o f  
these two esters*  the  l a t t e r  predominating, /This conclusion 
was confirmed by a ' t i t r a t i o n  curve obtained conductom etrlcally 
by Dr.C.W.Davies* w ho.further reported  th a t  the product 
probably consisted  of a m ix tu re -o f .15$ of; a monobasic 'acid, - 
equ ivalen t 522* and. 85$ of a d ib as ic  acid* equivalen t 105, g iving
an -apparent'' tquit&Xent "of / ?5S*: ^
( i l l )  fh e : Xnteraotion of l(-») - & *0etahol with' Fhoaphorua’ ; u
0%y ch lo ride ,- ;l
■ ■ (&) In  .the presence of. •et her* - ' : " j  
A ' v ig o ro u sev o lu t io n  of hydrogen chloride re su l te d  on the 
'add ition '-of ' if**)^p^oetanoI {■£*%*-,■ aIS©4, t « Q )  !
in. e th e r  ( t v o l ,)  to  an e th e re a l ' 's o lu tio n  of phosphorus'' ;
oxychloride (' %3&*} maintained a t  ©%V- The u ex trb ro ta to ry  '"v 
0*ohloro*octan© o b ta in ed ’{ Mg*.,' JO#/yield)*- had b .p  3 8 -6 0  V*£mm# ; 
a * t h  * « 2 , ? ? V l  * t .O ), a**’ 1,429»,
<b) In  the presence of ether and zinc chloride* '
; A solution ' $ f X (—} ~ootanol 
in . e ther' was added to phosphorus pxyehidride : (' 3«3g, ) X** ether* 
covering zinc chloride .(’ 3*©g* ) f •' ‘The f-sole'-product* "except a :[ 
trace- of oetylene," was 'a ’dextrorotatory. h- ehl© ro~ ©otan©
{ 2+3g;» 7&% yield) * b*p* 66*$7#/23aaa* *. dlls* *3*49% "1 * I*©., j 
n*jf 1*4293*
(c) In the presence of. ether "and, pyridine* - ’
o ^ j '
A mix tw o  of X(~)~f~0:OtaneT ( ; 6Vgg*,' ©y©5 mol#, *5*©* *9.16°
i .tt  1*0) .and'pyridine' { 7„9g,, O* t§ mol,) in ether was''slowly 
added to an ethereal solution of.phosphorus oxychloride 
{ 7*%.*' 0*05 mol*) &t':fr%' After'heatins' for 3 Q"minutes
under reflux, on. a steam bath, the products' were as described 
in  previous experiments* Only a trac e  of f-chlbro-octane 
was produced, the main products being & n eu tra l  phosphoric 
ester,- which could not be d i s t i l l e d  and was not analysed, and- . 
a mixture of ac id  phosphoric esters*  r
' ' ■ , 2 6 *  
0;^53Ss*.;: o f t h i s  mixture ( Found: P? 13.?/*) ^required 0«03®1g*
©f sodium' hydroxide fo r  n e u t ra l i s a t io n  t, methyl orange) and
a fu r th e r  u«03?6g*\C. phenol, p h th a le in )* fhese r e s u l t s  suggest
th a t  the f i x t u r e ’ co n s is ts  of .about St% o f p^ootyl''dihydrogem
phosphate .and .19/^ . o f . d l-p^oo ty l hydrogen phosphate*
U v ) Ik  e In terao tlon . of ,i (-*-)>P"■O .etanolwl th!' ^h'tonyl Chloride * 
1C—)-f—©etanol { t te .V a f fe i . ' : -9 ; s f V  1 ’= t.O ),
d lsseX w C im  three to lu n e e ’"of l i g h t  petroleum ? wa s' slowly 
added to a so lu t io n  of f re sh ly  d i s t i l l e d  th lo n y l ' ohloride 
( 2%*} in  an equal vo lu ie  o f  S ight'petro leum  maintained a t  
•6%'- A fter  removal of the l i g h t  petroleum in  a vacuum a t  the 
ordinary  / temperature - the residue was repeated ly  d i& t i i l e d f :
1 Q
i t ' t h e n 'g a v e  a dex tro ro ta to ry  p^ehlors^octane, h*p* 60 
n*£ f*4S6T» «146i. +2# ,68°*' sf?©* ^3 t *o° { 1 « 1*0 )* • .
Mote on the Di s t i l l a t io ns, at Low P ressu re s .
.During the .d istilla tions at low -pressures . ( designated 
in  the te x t  as. .* a t  less .,  than O*. !mm * .the . pros sure in  the 
apparatus was. Judged.;, from the .'.appearance" o f . the discharge 
in a-vacuum tube, .attached, to. th e  evacuated-system* The.'- ■ 
r e la t io n sh ip  'between the p ressures  and the -appearance of the 
discharge was o r ig in a l ly  acquired from Kaye*s *High Vacua % 
(Longmans), but in .o rd e r  to check the p ressu res  most commonly 
a t ta in e d  by the evacuating, pumps used# they were measured 
by means-of a McCleod. gauge. .: _ I t  was .found that this.- 
operation, .took-too lo n g , to, accomplish during a ;d i s t i l l a t i o n s  
and when one© the p ressu res .had  been checked, th e ,appearance 
of. the discharge-.'.in. the vacuum tube, was employed to judge • 
the p re ssu re , ' . .,
.The- evacuating, pumps employed consisted-of two 
mercury d if fu s io n  pumps backed, by :a 'Ficuss pump. When working 
alone the Fleuss pump, was capable of attaining.a pressure  of 
0*G;54m. in  a d i s t i l l a t i o n  appara tus . . .When working in  v- 
conjunction with the two. mercury d if fu s io n  pumps a pressure 
of 0#C056mm* was atta ined*  ., Thus, It. can .,be seen' that 
during  the low pressure d is tilla tio n s , the ac tu a l p ressure 
in  the apparatus was well below G.liimu
